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A G. M2mtord, L4 


> OULVER STREET WORKS, COLCHESTER, 
Ow ADMIRALTY ap War Ovrice Lists. 
QNGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 
See Advertisement, pages 33 and 94. 


‘PATENT WATER-TUBB BOILERS 
_ AUTOMATIC FEED REGULATORS, 


4 Auxi as su ed to the 
An any ee ppli i. 


Re ber 


Conveyor Belts 





MANUFACTURERS. 


GUTTA PBRCHA & RUBBER, LIMITED, 


Toronto Canada. 


Prstol 


8510 





8437 


daa” 
See Advertisement last week, page 124. 


Serer Steam, 
HYDRAULIC and HAND. 


GEORGE “fost rLL co. 
Motherwell, near duos? 


STEEL TANKS, PIPES, GASHOLDERS, &c. 


Thos. Piggott & Co., Limited, 


BIRMINGHAM. 411 
See Advertisement last week, page 119. 


Plenty and Gen, 


LiMIrep. 
=< mies ~ SESTEP ERS, &c. 


Newsury, EnGLanp. 
Pank Locomotives: 
Specification — beeen em equal to 

Main Line Locomoti 
Raw. HAWTHORN, LESLIn 8 & Cco., Lap., 
ENGINEERS, NEWCASTLE-ON-TYNE 8203 


3 hran MULTITUBULAR AND 

| loc CROSS-TUBE. TYPES, 
Boers. 
Bee mage page 17. 8205 


Petter Oil B2gines. 


Manufactured by 3501 
__ PETTERS Limirep, Engineers, Yeovil. 


* Spencer- F] opwood” Patent 


Preumatic 


Borrer Scarers. 





Ltp., 
8207 














































arrow & Co., Ltd., 


superrines -*« AND ENGINEEES, 


Y 


LASGOW. 
SPEEDS UP TO 45 AN HOUR. 
PABDLE OR WY ST oF 
BxceprionaL SHattow Dravert. 


Repairs on Pacific Coast 
by YARROWS, yn Vietoria, British 


mbia, 
SHIPBUILDERS, Snip RePatners AND ENGINEERS. 


ohn ellamy, imited, 
J ee phe © 
GrewERaL ConsTRUCTIONAL ENGINEERS, 


Boilers, Tanks, & Mooring Buoys 


Srnis, Perrot Tayxs, Atk Recervens, STxxi 


7169 | CHIMNEYS, RIVETED STEAM AND VENTILATING PIPES, 


Horptrs, Spectat Work, Repars or Att Kurps. 


for 
SYPHONIA STBAM 
aU 


les Limited, 
aiedmimnis wie sak sameaememeet 


HVAPORATORS, pews 


era hs. ATENTS 

amp GAS KBETTL. 

wey STRAIN. 

UCING VALVES 
NMBTAL 

ATER SOFTENING and FILTERING. 5723 


R22. 


FEED WATER 
CONDENSES,” Ati HMA 
oe ect 





10 (‘ampbells & Hater, L@- 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 

DOLPHIN FOUNDRY, LEEDS. 4547 


“Yachts, Launches or Barges 


Built complete with Steam, Oil or Petrol 
Motors ; or Machinery supplied. Od 3561 


VOSPER & CU., Ltp., Broap Street, PorTsMOUTH. 
FOR 


Forgings 








rop 


. oagTSHmniin ENGINEERING & FORGE oo5| M 


Wellington Street, Glasgow. 


Freel A Ppliances. 


RESSURE, 
SYSTEMS {aie 
STEAM 





O" 


FOR BOILERS OF ALL TYPSHS. 


Kermodes Limited, 
35, pe ee LIVERPOOL ; 


108, nveneniel teal Lorpor. 
NAVAL OUTFITS A SPECIALTY. 


ocomotives Tank Engines 


constructed 
MANNING, W SWwARDLI A AND COMPANY, Limirep 
ne Works, Leeds.” Od 2487 | BN 
See their Illus. Ad it, page 137, last week. 


RAILWAY AND TRAMWAY ROLLING STOCK. 


H= Nelson & Co. L* 


Ture Giaseow ~—— Lely AND PLANT poy 
The ((ambridge snd pa 


[nstrument Co. L{4- 


Manufacturers of Mechanical and Electrical 
Instruments of Precision. 


4078 











Os 8194 
es Coe Singhs Late, B. 





[['ubes 


and Fittings. 


G tewarts and Love, U4 
Glasgow and Birmingham. 


See Advertisement page 142. $187 





9 Piants (oa) 


for Chemical Wks., Mineral Water Mfrs., Breweries, 


a — other pur — SPaRKLETS AND Grarnat 
Ltd, 3 London, N.1 18. 


(Oz Fire Jixtincteurs 


for Publicand Private Bldgs., Blectric Rallways, &c. 
THE Britis Fire APPLIANCES Oo., Ltd., 109, V 
St., London, S.W. Telegrams—‘ Nonacid, London.” 


iesel Dnven Cenerators, |® 
400-500 Kw., D.C., 500 or 260 Volts, 320 
R.P.M., in excellent condition. Low price. 
Engines and D could be sold TURBINES. 
Also TWO Parsons IN 
wae Goose Volts, D.C. = —_ 460-600 volts), complete 
t 


Armatu: a Condenser 
Exheust TURBIN® ‘SET, Willans-H ©. C., 200 Kw. ” 
440/500 Volts. Comers with Condenser,Pumps, &o. 


West Walle, Newcastle-en-Tyne. 7969 


ement. —Maxted & Knott, 








mos 
Kw. 





Consulting Cement Engineers, ADVISE 
GUNMEALLY on oon Cement Schemes FOR 
BNGLAND AND A ROAD aati ONLY. 


Highest references. 
Address, BURNETT ro een 9 
Cablegrams: “ Energy, Hull.” 


CHANTIBRES & ATHLIBRS 


; A te28tin - NJ ormand 


67, rue de Perrey—LE HAVRE 
(France). 


1991 








Boats, Yachts and Fast Boats, 
and Submersible Boats. 
NORMAND'S Patent Water-tube ran © oat or Ol 

Heating. Diese! Oil Engines 


ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


seca, ~ T 





arrow Patent 


a Bowers. 


esers. YARROW NDERTAKE the 
PRESSING and MACHINING of of the ae 


of Yarrow Boilers, such as the 8S: 
Pockets, and 8 
e 
.» Lap., Sooreroun, GLASGOW, 


Firms not ha’ “~ th 
YARROW & 
Mietthew pal & Co. 4 
Lzverroup Works, . 
See Full Page Advt., page 91, April 80, 
Foreings. 
me) WW alter Gomers & Co., Ltd., 


HALESOWEN. 7116 








Die Brand gyarwauninGsLLors. 
PTW DELTA MUTAL CO. kann batt 


Greewwicnu, LONDON, 8.8. 10(&at Birmingham 


[T'aylor & Cibsllen 


Presses. 


TAYLOR&CHALLEN, Lp., Engineers, Binminenam 
See Full Page Advertisement, April 30. 











ailway 
G witches and 


rossings. 
tT. ona & SONS, sare 
DaRgLinetor 


AWRIAL ROPHWAYS, « CABLEWAYS, CHANTS. 
teel (\astings. 


$181 
See ve aera advertisement every fourth week. 
GENDBRSON & CO.. Apenpern. 


J. Davis, M.I. Mech.E., 


e Gas . 
st cing alenpcted, Tented apd 









































, AI and 737 Stratford. Wire: * Ra : 
Sole Makers; Boilers. Londor Office: 101, LzapewHaxt Sr., B.C.8,|—Great Hastern Road, Stratferd, B. 15. 1704 
W. H-SPRNOER & 00., Hircum, Henrs. enry Butcher & Co., Werks: Buurr Mit. near Hantow, iesex. hi d i i 
See page 16 ean H Suanssatan coll eiiien Sante. M* ne and Engineering 
: nvincibl , VALUBRS axp AUCTIONEERS Refrigerating and los Macht atk WORK of all don iptien undertaken tor 
. n 
i a ‘ible (jauge (lasses. to the Feed Water Heaters. wals,, Bett work moderate charges, MOSSER 
ENGINEERING AND ALLIED TRADES. Frocks Water Distillers. & RUSSELL, Lep., Queen's Whart, mith. 
BUTTERWORTH BROS., Lid., AIL#0 FOR Main Feed Pum — Busse, "» 
Newton Heath Glass Works, PLANT axp MACHINERY. 8134 Combined Circulating and At Pumps, a0 Peleen usnde Usaha, end all wil be plensed Yo beat 
Manchester. Oa 9788 63 and 64, CHANUBRY LANE, W.C. 2. ho. ke. 1196 drme dadislng sech werk execu sail 
Preciric [['ransporters. lectric L fts KE lectric C ranes. L2comotive [['raversers 
(OP TO 3 TONS.) ike att (BLROTRIC). pei 
8. 8. H. HEYWOOD & OO., LTD 8S. H. HEYWOOD & OO., LTD., 
. H. HEYWOOD & 0O., LTD. 8148 8. H. HEYWOOD | 4 00., LED., rWwOOD & { 9 WooD & < 
Pus, Horsey,Sons & Cassell, &6 tol” ™ Glasgow Railway D redging P lant 
SFROIALISTS AP atin Company, ov ssn seaimadieanii 
SALE AND VALUATION 





PLANT AND MACHINERY 
and 
ENGINEERING WORKS. 
_BILLITER SQUARE, - B.C. 3. 
Iron and Steel 


o and Eire: 


s Beottish ‘Te Tube Co., Lid, 


F Orrice : 84, Robertson Street, Glasgow. 
See Advertisement page 103, April 30. 
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ii, 



















































Lrbreaing, (ils 
“Germ Process ” Oils 


GIVING 


Greatest t Economy. 
Henry Wells Oil Co., 


HAYMARERT, 8.W. 1. 


Retr Skagen, Sowpline 


WELDLESS CHAINS, Lrp., Coatbridge. 








1, Vetra Bret, s.w. 


RAILWAY cAMiIAGH, WAGON & TRAMWAY 
CARRIAGE. & WAGON ia aoxee a 
CAST-STBEL AXLE BOX 


FLOATING Onan. ta BUNKERING 


Werf Conrad, 
Agen NE WORKS, Lep., Fatans 

atte yh LONDON, 8.0. 2, 
See half-page Advert. last week and next week. 





P. & W. MacLellan, Linsiel, 
OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGHS,ROOFING,&c. 





Chief Offices: 129, Trongate, Guaseow. Od 8547 


Cerfunt 
pot. (‘aseels & WV illiamson, 


MOTHERW . SCOTLAND. 
7041 





Registered Offices; 1064, Cannon St., London, 5.0, 











See ball-page Advertisement page 83, Apeil 16, 





































ENGINEERING. 





[May 7, 19:90, 





ities paid in case pl 
and Boilers inspected during construction. 


[ihe National Foremen’s 
ASSOCIATION or Tux 
BNGINEEBRING AND ALLIED TRADES. 
(Registered under the t the Trade Union Act.) 


An Association special! ally formed to look after the 
interests of Foremen on t ate Depervinesy Cagectoy. 





All communications te— Head Offices— 
REID. $1, High pe ee 


General Secretary. London, 
UNIVERSITY OF LONDON. 


Provisional Notice.—A Course 
of four Advanced Lectures on ‘‘ Hi 
frequency Alternators for errata 
Monsieur Marius Latour, of Paris, has 
Bie rovisionally to take place at the Inetitusion of 
ivil Bngiecrs, Great George Street, fs oa 
2th, 27th, 28th and 3let, at 5.30 
~ er announcement will be made. The ~ ae 
are addrossed to advanced students of the University 
and others interested in the subject. Admission 


free. 
P. J, HARTOG, 
Academic Registrar. 
G2 
Re! 
ONSTRUCTORS.—A COMPRTI- 
TIVE EXAMINATION for one or more 


Poste as Probationary Assistant Constructor will be 
held at the ROYAL NAVAL COLLEGR, GREEN- 
WICH, in JUNE next. 

The Regulations and full particulars of the salary, 

prospects of con etc,, may be obtained 7 
the PSROR ARY (0.B.), ‘Admiralty, 8.W. 1, 
whom intending candidates must submit thelr 
names and ful! particulars of their educational and 
technical training and practical experience, not 
later than 17th May. 


PRIVATE STUDENTS OF NAVAL 
ARCHITROCTURE, 


In conjunction with the above examination there 
will be a qualifying examination for the admission 
of Private Students of Naval eg te the 
Royal Naval College, Greenwich. Applications for 
the Regulations, etc., should be a eas in the 
case of the examinations for the post of Probation- 
ary Assistant Constructors (see above). 

Private Students are required to pay a fee of ~ 
a session whilst at the College. 


nst.. O.E. Exams.—Over 300 


Coaching. Several 

izes. Seo. bs Ae now , prepared. (D » Speci- 
cations and Quantities). A few vaeancies open.— 
Address, 7434, Offices of HNGINEERING, 


rrespondence Courses for 

B.Se., Inet, O.H., I. Mech. B., all BNGI- 

| he meg *BXAMS. Special Courses and Single 
bjects. Personal tuition.—For full 

wow ots. TREVOR W. PHILLIPS, B. » (Boms.), > 
M.Inst.C.B., -R.8.1., ete,, 8-10, 

Chambers $8, South John Street, Liverpool. 8423 


nst. C.E., 1. Mech. —t a 
KnOwLaS, Bho Ases BM, 

M.R.San.1., PREPARES C CANDID 
+a by correspondence. Hundreds of 


poate commence at any time. "90, ‘Victoria 
West neter, 5.W. 


L ondon ©.E., Honours Grad., 


yk ag? MEN by PERSONAL TUITION 
for A.M.1.0.8., Inst.Mech.B., and other exams. 
NO FAILURES during 20 years’ experience,—For 
terms, address F 913, Offices of ENGINEERING. 


Heider eens ran sere 


Wireless Course, enerete, 
Maths. and Osiculus.— BNNINGTONS’ 
Uuiversity Tutors, 4, Oxferd Rd., Manchester. 








oy’ ne otpe of Naval|® 





rticulars 











TENDERS. 


AUCKLAND ratty BOARD, 
NEW ZEBALAN 


[lenders are Fatlied for the 


CONSTRUCTION and SUPPLY of Five 
1Tom BLHOTRIC OCAPSTANS and SPARES for 
same. 





Specifications and Drawings can be obtained 
Guineas at the 


- prem ofa 8 Spee of 
of the essrs. W. anp A 


MeARTHUR, a 18-1 re-18 Silk 8¢ Street, Cripplegate, 
London, B.0, 2. soe > he 

Tenders to reach Auckland by noon, on Sep.ember 
Ast, 1920. F725 


GREAT NORTHBRN RAILWAY COMPANY — 
(IRBLAND). 
TO BRIDGE CONTRACTORS. 
The Directors are re prepared 


rTrenders for the Su 


ep phag' £ of STEELWO 
struction of two B: 
Drawi ‘Spesidotticn, Bills of Quantities, and 
Form of Tender may be obtained from the under. 
amet on payment of Two Guineas, which will he 
unded en receipt of a bona Ade Tender, accom 
panied by the Drawings, 
Tenders made out on the Forms tc he me Arabia spomde by 
the ree My, should be delivered under 
endc ender for Bridges,” to the undersigned 
not later than 10 a.m. on Monday, 14th June, 1 
The Directors do not nn themselves te accept 


the lowest or any 
“yj . B, STEPHENS, 


pared to receive 


upply an and 


Amiens Street Station, 
Dabdlin, lst May, 1920, 


A ; 


CITY OF BSLFAST. 
BLROTRICITY DI DEPARTMENT. 


x |"Plenders. for the nr the Mameliciare. 


pm eet, and oo at the Elec- 


presen 
lod in Town Olerk’s Office, Cit 
Belfast, not later than Bleven a.m., on Wednesday, 
19th May, 1990. 

The lowest or any Tender not necessarily accepted. 
An official receipt must be obtained for every Tender 
delivered by hand. Tenders sent by post must be 
registered 


: R. MEYER, 
3rd May, 1920. Town Clerk. G 345 
) TH SOUTH INDIAN RAILWAY COMPANY, 
LIMITED. 





are prepared to receive 
r[\enders for the Supply of:— 
wae One 70 ft. Overbridge 
mately 105 tons). 
Specifications and Forms of Tender may be 
obtained at the Company's Offices, Finsbury 
Pavement House, B.O. 

Tenders , addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked ‘‘Tenders for B: work,” must be left 
with the undersigned at York Street, West- 
™ inster, S.W. 1, not later than Two p.m., on 
Wednesday, the 26th May, 1 

A charge, which will not be returned, cn Rag ak pe 


6) of ~ for each copy of the Specification 


~ e rawings may be obtained at the Office of 
OBERT WHITE, Eseq., M.Inst.0.B., Consulting 
Eogineer to the Company, 8, Victoria Street, 
Westminster, 8.W. 1 
By Order 
w. B, REYNOLDS, 
for Managing Director. 
Finsbury Pavement House, 
Lendon, B.O, 2. 


3rd May, 1920. G 3% 


a. k. 


MINISTRY OF MUNITIONS. 
BY DIRECTION OF THE DISPOSAL BOARD. 
(PLant anp Macupvery SEvtion), 


Fo Sale by Public Tender. 


GASHOLDERS AND TANKS, 
At H.M, AIRSHIP STATION, LONGSIDE. 
TWO STBBL GASHOLDERS, each 250,000 cub. 


test capacit: 
hres LIFTS, » Epica Guided ; 
Inner Lift, 68 ft. 10 in, by 22 ft. 
Middle Lift, 71 ft. by 22 ft. 
Outer Lift, 73 ft, 2 in. by 22 ft. 
Two STEEL TANKS TB ft. by 3 aft, éin. 
Reference M.K 2588/0. G 
Full particulars permit x So and Form of 
Tender upon application to the OONTROLLER 
D.B.1.¢.), Plant and a Charing 
ross Buildin: 2 aan 


Tenders to leted and returned not later 
than Ten a.m., 22ad od May. 


Note :—For particulars of other ~ ay meyy Pro- 
perty for Sale, see wok ne! eyed rice 3d., at all Book- 


y cnlperiptten of 2s. t 
free in i the United mi Lo ago payable in eavanse 
to the Director of Publicity ed of Munitions, 
_Whitenall Place, London, 8.W Git 


«BB 
MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD. 
(PLant anD Macurwery Secrion). 


Ro Sale by Public Tender, 


TOLUOL PLANTS, 
At MANCHESTER CORPORATION GASWORKS, 
Bradford Road, Manchester. 

Six Tower Scrubbers, Carburettors, Steel frame 
Benzol House, Crude Still, Primary and Secondary 
Rectification Btille, Oil and Water Coolers, Pumps, 
Two Boilers and One Pump, Chimney and Steel 
frame Boller House, eto, 


At NBEPSEND WORKS of the SHEFFIELD 
GAS CO, 





Oil Tanks, Coils for Heat Retonme, Oil Still, 
Pumps, Coolers, pay Benzol Still, Benzoi 
Washers, Acid and Soda Tanks, Rectification Still, 
Petrol Pumps, and B8teel Frame Benzol and 
Exhauster Houses. 

At miaet 7S aty Nyt oy of the 
EFFIELD GAS © 

Heat PIB: Pre Heater, on: Still, Receiver, 
Cooler, Condenser, Benzol Condensers, Pumps, and 
Steel frame Benzol House. 

At GRANTON GASWORKS 
LEITH COMMISSION 
em techangery, oa 7am, Saciew, Bonnet 
mdensers, 0 nks, Pumps, Storage 
Tanks, ete. a . - 
At PROVAN GASWORKS, GLAsGow. 


Heat Exchan oypk oil Pum one Pre 
Still, Benzol § ~ may 


Chimney shatene Rectificatio 
Column, “acne Toluol, an Solvent Condensers, 
Coclers 8 ‘Steel frame Plant H 


BDINBURGH, and 
ERS. 





aps a House, Heavy Off Still, 
tlied part particulars, Lyme to Mn and A Dopter 
oe yo ed on to CON- 
TROLLER. D. : 1.8., Plant ond ~~ Section, 
Charin Huts, ‘Bmbankment, Wo. 2. 
Tenders to be Seams not later than 10 a.m. on 
the 29th May, 1920. 


Nore.— For other eomnens 


Houlars of 
price 3d. at all 





Surplus, 
or uarterly subscri of 2s. post 
in advance to 
of of Munitions, 
G 2 


Director 
Whitehall Place, London, §.W. 1. 





METROPOLITAN 
BOROUGH OF HAMMERSMITH. 


ELECTRICITY DEPARTMENT. 
Thé Borough zh Oouncll invite 


ders for the Supply of of 
TWO 10,000 Kilowatt Maximum 
ieing TU URBINES and Alternators, complete with 


OS necification F Form of Tender ma 
obtained from Mr. G, G. Bers, Boro’ Blec mi 
Bnginy's. Blectricity Works, 85, Fu Palace 


Sealed Tend endorsed ‘‘ Tender for Turbines,” 
must be dalivered tou tothe unders: not later than 
Nine a.m., on Friday, 2ist May, le 

The Council do = bind ves to accept 
the lowest or any Tender 

LESLIB penne. 
Town = em ge W.6. Town Olerk. 
April, 1920. G 
SHEFFIELD CORPORATION WATER WORKS. 


RIVER DON PUMPING SCHEME — CON- 
STRUCTION OF | RESERVOIR. ‘ 


- 





['enders are Invited for the|** 


Constr of a 
ALANCING RESERVOIR, 
at Demfast, about 7 miles from Wadsley Bridge 
—— (G.G.Rly.), ef & capacity of rd million 


Drawin and specification may be inspected, 
and dal of quantities and Form of Tender may 
be obtained on pppltcation at the Water Works 
Office, Town Hall, 

The Tender will incorporate Conditions of Con- 
tract, which provide (inter alia) for compliance with 
the Gounceil’s form of clausés respecting weet. hours 
and conditions of labour, and prohibition against 
assigning or sub-letting. 

Tenders must be enclosed in sealed envelope, 

addressed to the undersigned, and endorsed 
“Tender for Damflask Balancin yee 
received not later than orgies a May. 

The Corporation do net undertake to accept the 
lowest or any Tender. 

WILLIAM TERRBEY, 

Waterworks Office, General Manager. 





and 


28rd April, 1920. 


Gl 





TO CONTRACTORS. 


GOSPORT AND ALVERSTOKE URBAN 
DISTRICT COUNCIL. 


CONSTRUCTION OF LANDING STAGE, 
WHARF AND OTHBR WORKS. 


The Gosport and Alverstoke Urban District Council 
are prepared to receive 


[renders for the Construction 
at Gosport, Hants, of a FLOATING LANDING 
STAGE, 200 ft. long by 30 ft. wide, connected with 
= shore b Bridge 130 ft, long by 20 ft. wide, and 

Approach h Roads leading thereto; about 550 lineal 
feet of Reinforced Concrete Retaining Walls to 
enclose portions of Gosport Hard and the adjoining 
foreshore ; the filling in of the area so enclosed ; the 
Removal of Gosport H a Reinforced Concrete 
Wharf 300 ft. long by 100 ft. ‘wide at Harbour Road ; 
the necessary Dredging for the Landing-Stage and 
Wharf, and other contingent works. 

The Contract Drawings and Specification may be 
seen at the Offices of the Engineers, Sir Jonny 
Wotre-Barry, Lystrr & PARTNERS, mouth 
Heuse, 2, Queen Anne's Gate, Westminster, 8.W.1, 
on and after Lenton e 19th ) eae between the 
hours of Eleven and Four, ies of the 
Drawings and Specification, together wit we Schedule 
of Secmmaas and Form of Tender. Ag, 4 obtained 

ent of Five Guineas. This sum will 
be ropald bat by the Council upon receipt of a bona fide 
Tender, accompanied by the Specification and 
Drawings, which are be returned with the 
Tender. 
Tenders endorsed “Tender for Landing Stage, 
&c.,” must be delivered under seal at the Office of 
the Clerk to the Gosport and ae Urban 
District Council, Council Offices, Gosport, Hants, 
on or before noon on Saturday, 5th June. 

The lowest Tender will not necessarily be accepted. 

R. MANGNALL, 
Clerk to the Council. 


G 380 


Council Down, Gosport. 
ath May, 1920. 


MINISTRY OF OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD, 
(PLANT AND MacHINERY SECTION.) 


FOR SALE BY BY TENDER 
TANKS AND OISTERNS. 


[renders are Invited for the 


following :— 
M. -? 21342.—One STEBL BOILER TANE, 28 ft. 
1 ft. ., with two valves. . 
M. x 21 Dis STEEL pgm a TANK, 28 ft. 
afd — ft. dia. oo one va 
MK.2 —One STEER SOL TANK, 28 ft. 
7 ft. 6 in. ya with tw 
as eons STEEL BOILER Falk, 28 ft. 
.K, 


8 ft. dia., with two 
—Three STO: 
CISTHRNS, oy sy A 5 in. Stone 
bolted her fron belts. In 
dimensions ‘Oi by of 6 ft. ae ft. deep, lined 
with 4% in. acid 


Used for Acid a 


at BROOKE'S CHEMICALS, Lrv., 
GHTCLIFFEB WORKS, Halifax. 


Godog date a Tenders, Saturday, May 165th. 


., should be 
to the CONTROLLE: Plant and Machinery 
a 


nek 





NE i XorD stonaGn to 


FOR SALE. 
OLACTON URBAN DISTRICT CovNoy, 
BLECTRICITY DEPARTMEN?! 
PLANT YOR FOR SALE. 
LANT :— 

Two Davey Paxman, 160 B.HP., e: 
Double-Oylinder “Vis a Vis” Q oe tas 
Parker's compound t current 
four-pole — to give 220 220 am) erator with 
voltage regulation from volts. 

appoint. 

meal particulars can be obtained 
Groner -Broapuurst, A. M. Inst. B. 
trical Engineer and Manager, 14, Bicet:.: Parade, 
Clacton on-Sea. 

Tenders to be delivered to the undersigi:ed, Olerk 
to the Urban District Council, Town Hal) Clacton. 

“The highest or any Tender not n vessarily 
; EO. T. LEWIS, ; 
Clerk to the said Counc, 


=| Ofer for Sale ‘the: fol! owing 
ENGINES, direct coupled .to we x K 
She pint is complete and can be seen }\ 

om Mr, 

— not later than noon, on Monday, 17th May, 

Gs 


Town Hall, 











UNIVERSITY 0} OF BRISTOL. 


Aiton Lecturer in Civil 





ENGINEERING, £300—210—£36v. 
particulars and form of application, send at 
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| REDUCTION GEARING ON STEAMSHIPS. 


Tue phenomenal success of the earlier installations 
of reduction gearing on turbine-driven steamships 
has of late met with a check owing to the fact that 
certain gears recently fitted have suffered excessive 
wear in service. It is noteworthy, however, that 
the failures are confined to double reduction gears, 
whilst single reduction gears still continue to give 
satisfaction in spite of large increases in the load 
imposed on the teeth and in the pitch line speed. 
In one case in which 18,500 h.p. is transmitted 
through a single pinion the pitch-line speed is 
132 ft. a second and the load per linear inch of 
pinion face is over 1,000 Ib. In another installation 
this load is 1,145 lb. per linear inch, and the pitch- 
line speed is 125 ft. a second. Breakages have been 
astonishingly few, and where they have occurred 
have been traced to faults in the material or in the 
minor details of the design. In his recent valuable 
contribution to the proceedings of the Institution 
of Naval Architects, Commander Tostevin stated 
that out of a total of 556 sets of single reduction 
gears supplied to the Navy only three have had to 
be removed for refit, and this necessity arose not 
from any failure of the gearing proper but to the fact 
that owing to the straining of the hull of the ships 
during service, the turbine and gear shafts had got 
alittle out of alignment. There have been only two 
eases of broken teeth in service, but on removal of 
the broken or cracked material the gears have 
continued to run satisfactorily. 

In the mercantile marine single reduction gears 
have proved equally satisfactory. Merchant ships 
however, for the most part are low-speed vessels, 
and it is inconvenient to obtain with this system 
as high a gear ratio as is desirable if both turbines 


and propellers are to be driven at their respective |. 


best speeds. This has led to the adoption of 
double reduction gearing which in certain instances 
has proved quite satisfactory in service, but in 
other cases the wear has been excessive. These 


experiences have led to a demand for a decrease 
in the loads imposed on the teeth, but it is exceed- 
ingly questionable if such a policy is in any way 
well based. In fact, there is strong reason for 


believing that the loads now carried could be 
substantially increased, provided certain modifica- 
tions were made in the design of the installation 
asa whole. In short, whilst the proposed reduction 
in the loads now imposed on the teeth would probably 
improve matters, it seems practically certain that 
the benefit would in the main be due merely to the 
fact that the weight of the last motion wheel would 
be increased. There are, however, cheaper methods 
of securing flywheel effect than that of merely 
increasing the diameter or length of this wheel. 

The trouble with double reduction gears appears 
to be confined to the second motion or slow-speed 
pinion, which in some cases has worn seriously 
during a comparatively short period of service. 
The high speed or first-motion pinion, designed to 
the same constants, has shown as little wear as in 
single reduction gearing. 

This feature has led several engineers to the 
probably well-founded belief that it is the variatio 
in the propeller torque which is in the main 
responsible for the trouble. In the December issue 
of International Marine Engineering. Mr. W. L. 
Emmet states that gears have failed at sea under 
loads less than one-quarter of what similar gears 
have, in land service, carried without trouble. He 
mentioned incidentally that with an experimental 
gear tested on land by the General Electric Company, 
® load of 3,000 Ib. per square inch was borne without 
trouble, the pitch-line speed being 116-6 ft. per 
second. As indicative of the extraordinary varia- 
tions which may arise in propeller shaft torque he 
gave the diagram which we reproduce in Fig. 1. 
This was recorded by a torsionmeter on a ship steam- 
ing in ballast through a fairly rough sea. Whether 
this can be considered a fairly representative case or 
not, it at least does show that the propeller torque 
may be expected to vary cyclically through a large 
range. With a single reduction gear the wheel on 
the propeller shaft is necessarily large and heavy, 
and its inertia must greatly reduce the shocks 
transmitted to the teeth. A single shock even of 
extreme violence does it would seem little damage. 





In a recent discussion at the North-East Coast 
Institute of Engineers and Shipbuilders, Mr. J. C. 
Blackburn stated that whilst steaming at full speed 
the King Orry passed over a submerged rock. In 
doing so she lost all the blades of one propeller, and 
the propeller shaft was bent so much that it jammed. 
Nevertheless the gearing escaped unscathed. 

On the other hand there is some very conclusive 
evidence that high speed gearing does not stand 
up well to large and repeated fluctuations in the 
load, such as might arise if the cyclical fluctuations 
in the propeller torque reached the teeth of the 
wheels undamped by the inertia of heavy revolving 
parts. 

In our issue of October 24 last, page 555, we gave 
particulars of a case in which de Laval gearing 
(which is in general a very reliable piece of 
mechanism) gave way repeatedly under conditions 
which were apparently in no way abnormal. The 
gear transmitted 425 h.p. to an air compressor and 
failed repeatedly in service, having to be replaced 
no less than five times in six years. Ultimately it 
was discovered that the actual variations in the 
compressor torque were very materially higher than 
had been supposed, and when the compressor in 
question was replaced by a Reavell machine requir- 
ing a nearly uniform torque under all conditions of 
service, the trouble ceased. It is noteworthy that 
in this instance the final drive was taken through 
a belt. This would act very much in the same 
way as an elastic coupling, yet the teeth failed 
as stated. 

This experience affords strong confirmation of the 
view that the at times unsatisfactory behaviour of 


double reduction gears is due to insufficient inertia 
at the last motion or propeller shaft. In the 
early ‘eighties the Holt Line of steamers were 
commonly provided with single-crank engines, 
having a large flywheel mounted on the propeller 
shaft. Marine engineers who ran these engines 
declared that their behaviour at sea was excep- 
tionally satisfactory. 

It will be an exceedingly interesting case of 
history repeating itself should present troubles 
lead to a reintroduction of this or an equivalent 
e ient on ships fitted with double reduction 
gearing. Certainly such a reversion would be less 
costly than the alternative advocated in some 
quarters of reducing the nominal load on the 
teeth. 

The fact that the trouble experienced has been 
in the nature of excessive wear, and not lack of 
strength, raises anew the question as to the rational 
relationship between the diameter of a gear wheel and 
the permissible load on the teeth. American 
engineers have held from the outset that the load 
imposed should vary in direct proportion to the 
diameter of the pitch circle. In this country the 
load per inch run of pinion face has commonly 
been calculated from the equation : 

W = C,/d (Ib. per inch run). 

Here W denotes the load in pounds per linear 
inch, d the diameter of the pinion in inches and 
C a coefficient, which originally fixed at 170 has, in at 
least one successful installation, been as high as 308. 
In his discussion on Mr. Walker’s paper, read 
last December before the North East Coast Insti- 
tute of Engineers and Shipbuilders, Mr. 8. 8. 
Cook attributed the adoption of this rule to 4 
conservative desire to err, if at all, on the side 
of safety, when fixing the proportions of large 
gears on the basis of experience with small 
installations. 

i the last couple of years we have 
learnt a great deal about lubrication which was 
previously unknown, and these later researches 
go far to confirm the American view (based, how- 
ever on entirely different considerations) that the 
load imposed on teeth should vary directly as the 





diameter of the pitch circle and not in proportion 
to the square root of this diameter. The crux of the 
question depends upon whether there is or is not a 
minimum limit to the thickness of the lubricating 
film. For a given maximum intensity of pressure 
on the teeth the minimum thickness of the oil film 
does vary nearly in proportion to the square root 
of the pinion diameter. Recent work, however, 
indicates that for practical purposes there is no 
minimum limit to film thickness, as it has been 
proved that lubrication is possible with a film 
of which the thickness is a few molecules only, 
that is to say with a film of which the thickness is 
but a small fraction of one-millionth of an inch. 
Failure of gear teeth for other reasons than the 
breakdown of the lubrication would occur long 
before the film of oil between the teeth was reduced 
to such a thickness as this. 

Nevertheless, even if as our present knowledge 
suggests, the square root rule is irrational, its adop- — 
tion has probably been fortunate, as the importance 
of inertia in the propeller shaft wheel was for 
the most part unsuspected. The very moderate 
loading of large gears which has been a consequence 
of this rule, has resulted in the use of larger wheels 
on the propeller shaft than would have otherwise 
been provided, and the gain in inertia has apparently 
in the case of single reduction gearing been sufficient 
to prevent the teeth of this wheel, “ overrunning,” 
to any serious degree, the pinion teeth, as a conse- 
quence of the fluctuation in the propeller torque. 

Whilst transmitting torque the teeth of the gear 
are under strain, and potential energy is stored up 
in them and in other parts of the gear just 
as it is when a spring is compressed. If the 
torque on the propeller shaft vanishes this 
potential energy becomes available for accelerating 
the last wheel of the gear, and if this be thereby 
flicked round faster than the driving wheels of the 
gear can follow up, the teeth will separate and will 
suffer a hammer blow on again coming into engage- 
ment. The stress developed on the concussion 
may be very high, and in excess of the elastic limit 
of the material. According to experiments made 
on mild steel rollers by Mr. J. Christie (Trans. 
Am.Soc.C.E., vol. xxxii) this limit is attained in 
static tests when the load taken in pounds per inch 
of “line contact” exceeds 1,600 R, where R is the 
radius of curvature of the roller taken in inches. 
In these experiments there was no effecti ve lubrica- 
tion, and in view of the effect of an oil film in 
distributing the pressure, gear teeth should be 
capable of carrying a somewhat greater load than 
the above before the elastic limit of the metal is 
exceeded. The mathematical theory of the be- 
haviour of a lubricant when the teeth “ hammer” 
leads to one result which may be put in a 
paradoxical form, viz.: In all conditions an infinite 
time must elapse before the metal surfaces of the 
teeth come into actual contact. Another and less 
startling statement of this result is, that it is 
impossible to squeeze out from between the sur- 
faces the last molecules of the lubricant. Thus 
expressed, the conclusion seems not unreasonable, 
even though the assumptions on which the above 
mathematical deduction is based, fail to hold up 
to the bitter end. 

As already noted experience indicates that a 
single concussion, even if very violent, will do little 
harm to the teeth of a gear, but under repeated blows 
the metal may shell off, and this is exactly what, is 
found to occur. It is noteworthy, as confirming the 
view above put forward, that the teeth of marine 
reduction gears often suffer from pitting in the 
neighbourhood of the pitch point. This is exactly 
what might be expected. Since the deflection of a 
cantilever under load is proportional to the cube 
of the length, the stiffness of two teeth, considered as 
an elastic system, will be a maximum when the point 
of contact is near mid height, and will be much 
reduced when the point of one tooth bears near the 
root of the other. Hence, when hammering occurs 
the teeth in contact near the pitch point have to 
take far more than theirfairshareoftheshock. Itis 
noteworthy that some gears in which pitting has 
occurred continue to run satisfactorily. Pre- 
sumably the process has in these cases worn down 
the surface near the pitch point, sufficiently to 
ensure that’ a tooth in engagement near ite point 
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shall take a fair share of the shocks. Pitting would 
seem to arise from the hammering of the teeth, 
and to indicate that it would be advantageous to 
increase the rotary inertia of the propeller 
shaft or last wheel. Where pitting is absent 
another form of wear has been observed. The 
metal of the teeth becomes plastic under the 
pressure where this may be locally excessive and 
flows. The lubrication is, however, fully main- 
tained, and for all practical purposes the teeth are 
uninjured. Plastic flow of this kind is probably 
largely responsible for the success of rigidly 
mounted gears. The teeth are able to wear them- 
selves to a uniform bearing at full load without 
failure of the lubrication. 

Whilst the addition of weight to the propeller 
shaft wheel appears to offer one solution of 
the problem of excessive wear, another and, if 
practicable, preferable method of reducing the risk 
of “overrunning’” would be to diminish the 
angular momentum of the turbine rotor. It 
seems probable that one type of turbine may be 
more suitable for driving reduction gearing than 
another, and it is perhaps not without significance 
that the loads imposed on the teeth of de Laval 
gears are remarkably low. Thus, in the case of a 
de Laval turbine of 300 h.p., the pinion is 2-504 in. 
in diameter and the load carried is 64-8 lb. per 
inch of pinion face. The stress at the root of the 
teeth due to bending is but 1,165 lb. per square 
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The relative motion of the two teeth in engage- 
ment with each other is in the main one of rolling, 
and is thus analogous to the motion of a cart wheel 
over a muddy road. The conditions accordingly 
difter greatly from those pertaining to journal 
lubrication. In the latter case the ing stress 
in the film is a maximum at the point where the film 
is thinnest. This is not always true when the 
relative motion of the opposing surfaces is one of 
rolling, since although, mathematically speaking, 
the shear does attain a maximum at this point, 
there is a second and in some cases at least, a higher 
maximum elsewhere. 

Again, in starting up a journal bearing from rest 
the layer of oil between the opposing surfaces does 
not act as a whole until a certain speed is attained. 
It is simplest to consider the case of a bush com- 
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inch. In most marine reduction gears, the corre- 
sponding figure ranges from 4,000 Ib. to 6,000 lb. 
per square inch, and in one installation it is as much 
as 8,500 lb. per square inch. In this case the pinion 
is 10-7 in. in diameter, the pitch-line speed 125 ft. 
a second, and the load carried per inch width of 
pinion face 820 lb. The wide discrepancy between 
these figures and those adopted in proportioning de 
Laval gears certainly requires accounting for, and 
the most obvious explanation is ‘to attribute it to 
the high angular momentum of the turbine wheel. 
This wheel cannot readily change its speed, and thus 
if large fluctuations occur in the torque on the driven 
shafting the teeth will “overrun” each other and 
be destroyed by the consequent mutual cold 
hammering. 

It would be of great interest to know whether 
gear troubles have been most common with reaction 
or with impulse turbines. If there is any difference 
in this regard it will probably be found that the 
angular momentum of the one type of turbine rotor 
is higher than that of the other. 

The mathematical theory of the lubrication of 
gear teeth was worked out in an article published 
in our issue of August 16, 1916. This theory, it 
may be observed, is more directly applicable to 
gear teeth than to any other case of lubrication 
met with in practice. The effeetive width of the 
film under pressure is small in comparison with its 

and end flow of the oil is accordingly negli- 
gi The teeth, moreover, come into gear inter- 
mittently. They have therefore time to cool between 
each successive engagement and the heat generated 
in the film is conducted away at each engagement by 
relatively cool metal surfaces. The viscosity of 
the oil should therefore remain more nearly constant 
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which is then squeezed out as the two surfaces ro]! 
over each other. This squeezing out is resisted 
by the viscosity of the lubricant. 

In the article already cited supra it was shown 
that the curve representing the pressure in the film 
of oil might have the form represented in Fig. 4. 
This curve corresponds to the case in which the 
teeth are in the act of engaging. When disengag- 
ing the conditions are less favourable, and unless 
the tips of the teeth are rounded off the mainten- 
ance of the lubrication will be dependent here on 
the relative sliding of the teeth and not on their 
relative roll. When fully engaged’ the pressure 
curve may be of a more effective type, and under 
the best conditions may have the form represented 
in Fig. 5. In this case the load carried is a 
maximum for a stated value of hp, which represents 
the minimum thickness of the oil film. Another 
possible form of the pressure curve is indicated in 
Fig. 6. In this case it will be seen there is a nega- 
tive loop on the “ trailing” side of the point of 
closest contact. 

The equation to the curve represented in Fig. 4 
(all quantities being taken in C.G.S. units) is : 


r 
P= Fr A/ 2 Bho (sin 2a + 4 sin 4a) 


Here P denotes the pressure in dynes per square 





centimetre, A the absolute viscosity of the oil in 
C.G.S8. units, and h, the least thickness of the oil 
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pletely surrounding the journal. With the journal 
at rest, the point of nearest approach of journal and 
brass is immediately in the line of the load, as 
indicated in Fig. 2. In the stable running position, 
however, with the whole interspace filled with oil, 
all taking an effective part in the lubrication, 
the point of nearest approach is at right angles to the 
line of the load as represented in Fig. 3. Hence on 
starting up such a journal bearing in order to attain 
the position at which the film is operative as a 
whole it is necessary to lift the load. At the 
outset only a narrow band of the film directly 
under the load is effective for lubrication. When 
the load begins to lift, the then effective part of the 
oil film is thickened and loses its supporting power, 
and consequently the load falls back again, to be 
re-lifted by the greater pressure thereby developed 
in the film. This sort of alternation goes on until 
the speed attains a certain critical value at which 
the whole of the oil present in the interspace begins 
to act as a unit. The load is then permanently 
supported, and the point of nearest approach of 
journal and bush is at right angles to the line of 





than it does in other cases to which Reynolds’ 
theory has been applied. Hence the calculated 
results of the theory should be directly applicable 
to practice with relatively little correction. 


the load as indicated in Fig. 3. 

Nothing in any way analogous to this occurs 
in the case of teeth entering into gear. They 
approach each other both covered with a film of oil, 
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film, in centimetres. The velocity with which one 
surface rolls over the other is represented by uo, and 
is expressed in centimetres per second. For in- 
volute gearing this rolling velocity is approximately 
one-third of the pitch-line speed. R denotes the 
equivalent mean radius of curvature of the teeth, 
expressed in centimetres. For involute teeth the 
value of R may be taken as given by the following 
equation : 
1 1 a .. 
= [a +3] sin 6 cos ¢. 
Here D, is the diameter of the pitch circle of the 
pinion and D, the diameter of the wheel, whilst 6 
denotes the angle of obliquity or pressure angle of 
the teeth and @ the angle the helix makes with the 
axis of the wheel. With modern gears in which 
the angle of the helix, to which the teeth are 
cut, is 30 deg., the value of 6 is about 164 deg. 
Finally, a is defined by the equation : 


tana = = 
Vv Bho 
where z denotes the distance in centimetres of any 
point in the film from the point of closest contact. 
When the distribution of the pressure is that 
represented in Fig. 5, its value is given by the 
expression : 


= Aw \/ 1 (- ) 0.6773 sin 2a 
P= 4/2 Bho [0-404 =—a) + 
0.4597 sin 4a | 


- As already stated, in this case the load carried 
for a given value of h, is a maximum. This dis- 
tribution of pressure is not possible when the point 
of contact is at the end of a tooth. Owing, however, 
to the fact that the teeth are elastic, the load 
imposed on the teeth is greater when they bear 
in the neighbourhood of the pitch point than 
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elsewhere. Here the action is practically one of 
pure rolling without the sliding of one surface over 
the other, so that the assumption made in working 
out the mathematical theory is almost strictly true 
for the region in which the surface of the teeth is 
most heavily loaded, and in this region the distri- 
bution of pressure represented by Fig. 5 is possible. 
In that case the load carried by a tooth is: 


w= eae dynes per cm. run. 


If R and hy be expressed in inches and w, in feet 
per second, this becomes : 
pees a) 

180 ho 
Here, as before, \ is to be taken in absolute C.G.S. 
units. 

The maximum pressure occurs in the oil film at 
a point where 


Ib. per in. run 








= 0-47517, and is given 
by the relation (in C.G.S. units) : 


. RASEVORE 
Prax = 1.521. 7 : a/2 R ho dynes per sq. cm. 
or, taking w, in feet and linear dimensions in inches : 


Avo  ¥2Rho . Q) 
3,780 hee 

Taking a case in which A = 0-7, uy = 20-3 ft. 
per second and R = 2-75 in. we find from (1) that 
if the load on a tooth amounts to 267 Ib. per inch 
run, then hy, the least thickness of the oil film, is 
aw in., and with this value of h, equation (2) 
gives 6,376 lb. as the maximum pressure within 
the oil film. 

From (2) the stress on the metal varies pro- 
portionately to the square root of R, provided that 
there be a definite minimum limit to the thickness 
of the oil film. Observations made during the past 
four years prove, however, that lubrication may 
be perfectly maintained under oil film pressures 
so high that the metal flows. Thus in motor-car 
worm gears, although the efficiency of some of 
these gear is 96 per cent. or so, the phosphor- 
bronze of the wheel gradually flows under the 
pressure in the oil film, which must therefore 
attain a limit of full 30 tons per square inch. 
Moreover, the late Lord Rayleigh proved that a 
film only a few molecules thick could act as a 
lubricant, and since a film of oil 100 molecules 
thick would measure less than one-millionth of an 
inch, it is obvious that in general there is no 
practical limit to the minimum thickness of an oil 
film, as failure from too high a stress on the metal 
will occur long before the film becomes too thin for 
Reynolds’ equations to be applicable. 

Recent experiments have indicated that the 
difference between a good lubricant and a bad one 
lies in a good lubricant adhering more firmly to 
metallic surfaces than does a bad one. A good 
lubricant welds itself to the surface lubricated, and 
it seems probable therefore that the lubrication 
breaks down when the shearing stress on the film 
is so great as to break the bond so that the 
ultimate layer of the lubricant slips over the metal 
surface, whilst the theory assumes that there is no 
slip. If this view be well based the permissible 
load on gear teeth per inch run should be propor- 
tional to R as above defined, instead of in propor- 
tion to the square root of R. 

The shear is a maximum at the point of inflection 
of the pressure curve, which for the case represented 
in Fig. 5 occurs on the “‘leading ”’ side of the point 
of contact, when 


Pmax — 


Ib, per sq. in. 





x 
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whilst the point at which the opposing surfaces 
most nearly approach each other occurs when 
z=0. 

For the case already taken above, in which 
R=2-75 in., hy =zae im. and tu = 20-3 ft 
per second, and the load carried is 267 Ib. per in. 
of tooth, the distance of the point of maximum shear 
from the point of minimum thickness is 0-032 in. 
This value affords some idea as to the effective 
width of the oil film, since as Fig. 5 shows the 
pressure falls off rapidly beyond the point of con- 
trary flexure. 








The value of the maximum shear is : 
Smax = 1.225 “ dynes per sq. cm. 


or, taking uw, in feet per second and A, in inches, we 
have 

r uo : 
100 Ib per sq, in. - (3) 

For the case already cited this equation shows 
that even under the very moderate loading and speed 
there assumed the shear stress tending to make the 
lubricant slip over the metal amounts to about 
243 Ib. per sq. in. By substituting from equa- 
tion (1), equation (3) can be put in the form: 





Snax = od Ad Ib. per sq. in. 


so that if the limit of endurance is fixed by this 
maximum shear W should vary directly as R. 

If hammering is unavoidable the damage done 
may well increase faster than the load on the teeth 
per inch run. For a given elastic system the 
energy stored in it varies as the square of the load. 
It is this energy that causes the teeth to separate, 
and it is at least a plausible assumption that the 
damage done on the return of the teeth should be 
proportionate to the energy expended in separating 
them. The moral would seem to be that cyclical 
hammering of the teeth is to be avoided at all 
costs, and that if this is done the load imposed may 
increase directly as the equivalent radius of curva- 
ture of the teeth surfaces. 

The rise of temperature as the oil passes between 
the teeth of the gear is proportional to : 

wi 
RoW woh 
and this may affect the adhesion of the lubricant 
to the metal. It may be prudent, therefore, to 
increase W, the load on the gear teeth, rather less 
than in direct proportion to the value of R. 

In establishing the mathematical theory of lubri- 
cation it was assumed that the change of curvature 
of the surface of the teeth at the point of contact 
could be neglected. An approximate calculation of 
the amount of this elastic distortion shows that 
the assumption in question was perfectly sound. 

To sum up, a review of the evidence at present 
available appears to indicate that recent gear 
troubles on shipboard have not been attributable to 
excessive loading of the teeth, but to the use either 
of too heavy turbine rotors, or to lack of inertia 
in the final wheel of the transmission. It would 
seem that the object of the designer should be to 
reduce to a minimum the angular momentum of the 
turbine rotor, and to increase the angular momentum 
of the last wheel of the gear as much as is commer- 
cially practicable. Unfortunately, the conclusions 
at which we have arrived are qualitative only. 
What is needed are figures setting forth the angular 
momentum of the turbine rotors and of the pro- 
peller shaft and wheel in the case of gears which 
have succeeded, and similar figures for gears which 
have failed. A comparison of these might yield 
information of the utmost importance to those 
responsible for designing marine reduction gears. 





THE ARMSTRONG SHIPYARD. 
(Continued from page 569.) 

Most of the remaining buildings in the yard are 
situated at the northern end, and are arranged with 
their greatest lengths at right angles to the fitting. 
out quay. The largest and most important of these 
is a steel-framed structure measuring 380 ft. long, 
300 ft. wide and 30 ft. high to the eaves, and com- 
prising the frame shed and anglesmith’s shop. The 
latter runs across the whole width of the building 
at the eastern end, and is itself 80 ft. wide, so that 
the frame shed is actually 300 ft. square. A key 
plan with references showing the arrangement of the 
tools, cranes and other appliances in both shops, 
is reproduced in Fig. 135, on page 602, while two 
interior views of the frame shed are reproduced in 
Figs. 136 and 137, on Plate XXXIII. 

The anglesmiths’ shop contains two electrically- 
driven pneumatic power hammers, shown near the 
left hand bottom corner of Fig. 135 with a coal-fired 
furnace between them; these are mostly used for 
drawing packings and similar work. There are a 


number of pot fires and anvils for anglesmiths’ 
work arranged in convenient groups along the 
centre and down one side of the shop. Blast is 
provided by three electrically-driven Keith and 
Blackman fans, which are designed to give an air 
pressure equivalent to a 22-in. column of water, 
and deliver air to the fires through underground 
ducts. These are arranged so that air can be 
supplied to any one of the groups of fires inde- 
pendently of the other groups. At the northern 
end of the shopis a gas-fired plate furnace, 10 ft. 6 in. 
long by 6 ft. wide, provided with bending blocks 
in front. Near this furnace is a hydraulic plate- 
flanging machine by Messrs. Hugh Smith and Co., 
Limited, having two 60-ton vertical overhead rams, 
and a smaller horizontal ram for equaring up 
flanges, &c. The width of the gap from the centre 
line of the vertical rams to the body of the machine 
is 4 ft., and there is also a 4-ft. clearance between 
the table of the machine and the bottoms of the 
rams when the latter are at the upper end of their 
stroke. An 80-ton hydraulic press for flanging and 
pressing work is also placed near the plate furnace. 
The large flanging machine is served by a 5-ton 
hydraulic crane, as shown in the key plan, and the 
crane equipment of the shop also includes another 
5-ton hydraulic crane, used for handling heavy work 
from railway wagons, and a number of 10-cwt. 
hand cranes serving the hearths. One of these cranes 
is used in conjunction with an angle bending, 
cutting and straightening machine by Messrs. Craig 
and Donald, which is numbered 116 on the key 
plan. A considerable amount of electric and 
acetylene welding is carried on in this shop, and a 
special bay is partitioned off at the northern end for 
this 


purpose. 

A considerable portion of the floor space in the 
frame shed, 22,000 sq. ft. to be exact, is occupied 
by the scrieve boards. On these boards the frames 
are laid out to full size for making the templates 
from which the set irons, or lines, are laid out on 
the bending blocks, so that the frames may be bent 
to the correct form, The photograph of the shed 
reproduced in Fig. 136, on Plate XX XIII, shows the 
scrieve boards in the foreground, while Fig. 137, 
on the same Plate, illustrates the furnaces and 
bending blocks at the other end of the shed. For 
heating the angle bars, from which the frames are 
formed, two double-ended bar furnaces, each 90 ft. 
long by 4 ft. wide by 3 ft. 6 in. deep, are provided, 
and there are also three plate furnaces, the largest 
of which will take a plate 36 ft. long by 13 ft. wide. 
These furnaces, it should be explained, are mainly 
employed for heating the plates for the stems and 
sterns of ships, but they also deal with any other 
plates which require furnacing. The doors of the 
large plate furnaces are fitted with hydraulic gear 
for opening and closing, and electric winches are 
provided for hauling the plates from these furnaces 
and the bars from the barfurnaces. ll the furnaces 
are gas fired, gas being supplied by four Dowson- 
Mason producers, each capable of gasifying 10 cwt. 
of coal a day. Steam for the producers is supplied 
by two vertical boilers of the Cochran type. A 
bevelling machine is provided at each end of the bar 
furnaces for opening the angles of the frame bars 
so that the flanges conform with the line of the 
shell plating of the ship, These machines, which 
are by Messrs. Davis and Primrose, and are capable 
of bevelling angles up to 10 in. by 5 in. by 1 in. 
thick, are mounted on rails so that they can be 
moved into line with either furnace as required. 
The heated bars, after passing through the bevelling 
machine, are placed on the bending blocks, clamped 
at one end by iron dogs, and bent to the curve 
of the set iron by means of portable hydraulic 
frame setters. These tools, which, in effect, are 
horizontal hydraulic jacks mounted on wheels and 
provided with handles, can be distinguished in 
Fig. 137, on Plate XX XIII, which shows the work of 
frame bending in progress. When cold the frames 
are tested against the curves set out on the scrieve 
board, and, if necessary, returned to the bending 
blocks for adjustment. 

The machinery equipment of the shed includes a 
number of punching and shearing machines, angle 
cutters, manhole punches, drills, saws, &c., most 
of which are arranged in the centre of the shop, as 





shown in the key plan, Fig, 135, on page 602, but 
two sets of plate-bending rolls for forming masts, 
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and other tubular work of this class, are situated in 
the south-west corner near the plate furnaces. A 
portion of the shed to the left of the scrieve boards, 
in Fig. 135, is occupied by hydraulic riveting plant, 
the arrangement of which is similar to that at the 
heads of the building berths illustrated in Fig. 134, 
on page 582 ante. There are also a tool smithy and 
an electric welding bay in the shed. Two of the 
plate furnaces are served, respectively, by 8-ton and 
5-ton hydraulic cranes of Messrs. Armstrong’s own 
design and construction, which are similar in every 
way to those already mentioned when dealing with 
the platers’ shed. Work is also handled by the yard 
locomotive cranes, one of which is shown in Figs. 
136 {and 137, on Plate XXXIII. For conveying 
frames between the bending blocks and scrieve 
boards overhead runways, of 30 cwt. capacity, 
are provided. The angles required in the frame 
shed are stored in angle racks on the northern 
side of the building, the racks being served 
by a 5-ton electric overhead crane of 120 ft. 
span. A hydraulic angle-bar shearing machine and 
a planing machine for angles are provided in con- 
venient positions near the racks. The general 
sequence of work through the frame shed is as 
follows: The bars are taken from the racks and 
marked off for punching, and after punching and 
joggling, are taken to the furnaces; then, after 
bending on the bending blocks, they are conveyed 
to the scrieve boards for trial, and, if correct, the 
ends are faired and the frames delivered on to the 
berths by rail. Additional facilities for frame work 
are now being provided in the frame-punching shed 
referred to at the conclusion of our previous article. 
This building, which, as shown on the key plan, 
Fig. 1, on page 367 ante, is situated at the southern 
side of the frame shed, measures 130 ft. by 45 ft. 
and will be specially arranged for punching and 
joggling both frames and deck beams. There will 
be three machines in the shed—a double-ended 
duplex punch by Messrs. J. Bennie and Sons, and 
two Lambies’ patent jogglers by Messrs. Hugh 
Smith and Co., Limited. The machines will be 
arranged so that two sets of men can work inde- 
pendently of each other, and this will allow four- 
frame furnaces to be kept going continuously. 
Overhead runways will be used for handling the 
frames in this shed and also for conveying them 
to the frame shed in which they will be bent and 
tried on the scrieve boards as mentioned above. 

At the western end of the frame shed, and in 
close proximity to the railway tracks on which 
materials are brought into the yard, is a long, 
narrow building used for the preparation of deck 
beams; the building is actually 270 ft. long by 
35 ft. wide. The rolled-steel sections, from which 
the beams are formed, are unloaded from the railway 
trucks and passed into the shed at the northern 
end by means of locomotive cranes. They are then 
marked off, punched and bevelled, or bent, as 
required, and delivered directly on to the berths 
from the other end of the shed. The building is 
equipped with a duplex punching machine and a 
hydraulic cropper, but the most interesting tool 
in the shed is the Arthur’s patent bending machine, 
a photograph and drawings of which are reproduced 
in Figs. 140 to 142, on 603. This machine, 
which was constructed by Messrs. Smith Brothers 
and Co. (Glasgow), Limited, of Glasgow, is capable 
of admitting beams up to 15 in. in depth, and is 
sufficiently powerful to form the usual deck camber 
of } in. per foot on bulb angles, bulb tees, channels, 
zeds and other sections up to 13 in. deep. Lighter 
sections can, if required, be bent to a much smaller 
radius; for example bulb angles up to 9 in. deep 
can be bent cold to a radius of 6 ft., and 6 in. bulb 
angles can be bent to a 3-ft. 6-in. radius. The 
bending is performed by the three vertical rollers 
shown in the plan, Fig. 142, that marked Roller 1 
being fixed in position while the other two are 
adjustable to alter the radius of curvature and to 
accommodate sections of different widths. The 
three vertical rollers are all driven by a 30-h.p. 
motor through gearing indicated by chain-dotted 
circles in Fig. 142, and a fourth horizontal loose 
roller is provided, as shown, to support the lower 
edge of the section while passing through the 
machine. The two adjustable rollers are mounted 
on blocks fitting in arc-shaped slots formed in the 





frame of the machine, the centre of the arcs coin- 
ciding with the axis of the gear wheel driving these 
rollers. It will be evident that the design ensures 
the gear teeth being kept in constant engagement for 
any position of the adjustable rollers. The latter 
are moved by links connected to a sliding crosshead 
worked by means of a large screw, a separate motor 
of 10-h. p. being provided for driving this mechanism. 
With this arrangement it is possible to alter the 
radius of curvature of a bar as it passes through the 
machine, and, consequently, a considerable portion 
of a ship’s framing in which the curvature is not 
excessive could be set on the machine without 
furnacing, although it is not employed for this 
purpose at the Armstrong Yard. 

Leaving, for the meantime, the blacksmiths’ 
shop which adjoins the angle-racks, we propose 


Fig. 143, on page 603. From this it will be seen 
that the tools are all arranged in the two bays 
on the south side of the shop, each of the bays being 
provided with a 10-ton electric overhead travelling 
crane; photographic views of these two bays are 
reproduced in Figs. 138 and 139, on Plate XXXTII. 
The tool equipment includes a number of modern 
lathes by Messrs. Lang and Sons and Messrs. 
Loudon Brothers, as well as Herbert turret lathes, 
Holroyd nut-tapping machines, and Heap bolt- 
screwing machines. There are also an “ Acme’”’ 
type surfacing, boring and facing machine, specially 
designed by Messrs. Dickinson for boring “A”’ 
brackets for vessels of moderate size, and some 
42 in. Herbert sensitive radial drills, which are 
largely employed for drilling and tapping holes for 





}-in. screws used for fixing strips for securing the 
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MACHINE TOOLS IN FRAME SHED AND ANGLESMITHS’ SHOP, 


18. Beam bending, horizontal punch- 209. Bevelling machine. 582. Drilling and  countersinking 
ing and double angle-cutting 231. Winch. machine. 0 Be ae 
machine. 316. Punch and shears. 600. Double horizontal oe 

31. Bove’ machine. 357. Drilling machine. angle-cutting machine. 

33. Plate mding rolls (mast 358. Grinder. 605. Plate straightening machine. 
Tolls). 359. Grindstone. > 

34. Hydraulic manhole punch. 360. Grindstone. ANGLESMITHS’ SHOP. 

35. Cold iron saw. 381. Hydraulic bar shears, 110. Hydraulic plate-flanging machine. 

40. High speed saw. 492. Punch and shears. 116. Bending, angle-cutting and shear- 

121. Punch and shears. 493, Punch and shears. ing machine. 

150. Angle bar planer. 505, Mast rolls. 188. Pneumatic power hammer. 
174. Punch and shears. 565. Power hammer. 434. Pneumatic power hammer. 
195. Hydraulic manhole punch. 566. Winch. 611. Hydraulic press. 


now to deal with the fitting shop which follows 
the frame shed, both in the matter of the dimen- 
sions of the building and of the importance of 
the work carried on in it. The building, which is 
a steel framed structure similar in character to those 
already described, has a length of 300 ft. and a 
width of 133 ft. It is divided into four bays, of 
which that on the southern side has a width of 
44 ft., while the two central bays are each 28 ft. 
wide and the bay on the northern side is 29 ft. 
wide. Over two of the bays along the northern 
side, the building is in two storeys, the upper 
floor providing accommodation for the sailmakers, 
model makers and riggers. The sail loft is 
equipped with power-driven sewing machines 
for dealing with canvas work of all descrip- 
tions. As mentioned in the first article of 
this series, the fitting shop is yarticularly well 
equipped with heavy tools origin»lly intended for 
warship work, and, although these may not all be 
so fully employed now that the yard is engaged in 
merchant shipbuilding, it is a distinct advantage 
to have them available for use at any time. 
Particulars of the tool equipment are given in the 





table of references accompanying the key plan, 


india-rubber facings on watertight doors.’ There 
are a number of Asquith radial drills, Muir’s 
shaping machines, and Butler’s slotting machines, 
two of the latter being visible on the left of Fig. 138 
on Plate XXXIII. On the right of this view is a plan- 
ing machine by Messrs. Loudon Brothers, Limited, of 
Johnstone, N.B., which is the only tool in the shop 
calling for special comment. This machine was 
specially designed for transverse, as well as longi- 
tudinal, planing, and is a particularly convenient 
tool for working on watertight doors, &c. It can 
accommodate work up to 14 ft. long by 7-ft. wide 
by 5 ft. 6 in. deep, and is driven by Lancashire 
electric equipment giving longitudinal cutting speeds 
ranging from 18 ft. to 72 ft. per minute, with a 
quick return of from 100 ft. to 150 ft. per minute ; 
the transverse cutting speeds are two-thirds of the 
longitudinal speeds. The change-over from longi- 
tudinal to transverse planing is effected by means 
of a mechanically-operated clutch, the time taken 
for the operation being, of course, only a very small 
fraction of the time which would be occupied in 
re-setting the work. The bed and table are specially 
designed for the reception of heavy work, and the 
machine is arranged so that all operations, including 
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the starting and stopping of the table, are controiled 
from the front ; safety switches are provided on both 
sides to prevent the possibility of over-running of 
the table. Another machine of the same type, but 
rather smaller and arranged for belt driving, is also 
provided. Most of the machines in the shop are beit- 
driven from line shafting carried on Hyatt roller 
bearings, but some of the larger tools are provided 
with independent electric motors. 

About a half of the bay on the northern side of the 
shop is partitioned off to form a tool store and a 
store for finished parts, and a portion of the space is 
utilised for the hydraulic testing of castings for 
valves, &c. The remainder of this bay is occupied 
by the tool shop, in which the whole of the small 
tools, gauges, &c., required in the yard are made, 
adjusted and repaired. It is equipped with gas- 
fired hardening and tempering furnaces, a Herbert 
twist-drill grinder, and a universal grinder by the 
same makers, as well as a Lumsden oscillating 





grinder which is used for making lathe and planer 
tools by grinding from the bar without forging. 
For cutting up bars of high-speed steel for making 
tools, a 10-in. carborundum wheel, ,', in. in thickness, 
and running at 4,600 r.p.m:, is employed, and has 
been found to effect a considerable saving in time 
on this work. A Robey-Smith gear planer for 
mitre and bevel wheels, is also installed in the shop, 
as well as a number of engraving machines by 
Messrs. Taylor, Taylor and Hobson, of Leicester 
and by Messrs. T. Cooke and Sons, Limited, of 
York. One of these machines is specially arranged 
for marking degrees on steering dials, and other 
angular work of this character. A graduating 
machine, specially designed by Messrs. Armstrong 
for engraving gun rings, is also fitted in this bay. 
For checking the dimensions of gauges and of 
finished work, a large vernier caliper by Messrs. 
Troughton and Simms, Limited, is used. This 
instrument is fitted with agate-faced jaws, which 
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MACHINE TOOLS IN FITTING SHOP AND TOOL SHOP. 


20. Band saw. 258. Lathe. 528. Lathe, 
63. Radial drill 259. Lathe. 529. Lathe. 
64. Radial drill 260. Lathe. 6530. Lathe. 
65. Radial drill 261. Lathe. 681. Lathe 
66. Radial drill. 262. Lathe. 682. le 
67. gue lathe. 268. Lathe. 533 e. 
68. ling machine 264. Lathe. 635. Turret lathe. 
60. Planer. 265. Slotter. r. 
70. Planer $88, Radial drill 539. Slotter. 
71. Lathe. $89. Radial drill. 540. Planer. 
72. Lathe. 390. jal di 541. Radial drill. 
73. " 391. Radial drill 543. Radial drill. 
74, Lathe. $92. Radial drill 544. Sensitive drill. 
75. Shaper. 393. Radial drill 545. Drill. 
76. i. $94. Slotter. 660. Lathe. 
fe. Lathe: $06. Planer. Toon Suor. 
79. Slotter. 397, Planer. 62. Milling machine 
80. Bolt screwer 398. Boring & facing 241. Centrifugal fan. 
81. Double It machine. 254. Twist drill 
c 399. Band saw. 
82. Double bolt 400. Ca: lathe. 255. itter er. 
cutter. 401. Capstan lathe. 3804. Wet grinder 
838. Boring & facing 417. ae (eae 386. Vertical miller. 
machine. 432. eee: fe facing 387. Milling machine 
144. Nut tapping machine. 3874 Milling machine 
machine. 446. Radial drill. 23. Lathe, 
162. Grindstone. 472. Boring & facing 447, Lathe. 
247. Horizontal drill machine. 448. Drill. 
& tapping ma- 518. Boring & tap- 449. Drill grinder. 
chine, sg Seer, 534. Lathe. 
248. Turret lathe. 619. Slotter. 536. Lathe. 
249. Capstan lathe. 620. Lathe. 546. Vertical miller, 
. Ca lathe. 521. pee hy facing 562. Oscillating tool 
251. Radial drill. mac . rinder. 
252. Drill. 522. Radial drill. 563. Biain cup 
253. Radial drill. 523. Planer. der. 
256. am 526. Lathe. 606. Abrasive cut- 
257. Lathe. 527. Lathe. ing-off machine 


can be adjusted by means of fine screws, and is 
capable of reading up to 60 in. by thousandths ; 
a microscope is provided for reading the vernier. 

Further storage space for finished fittings, in 
addition to that already referred to in the fitting 
shop, is provided in a building measuring 210 ft. 
long by 30 ft. wide, situated at the western end of 
the fitting shop and extending across the end of the 
blacksmiths’ shop. This building, part of which 
is used as a test-house, is numbered 26 on the 
key plan of the yard printed on page 367 ante. 
Adjoining it is an engine shed 70 ft. in length and 
25 ft. wide, which affords accommodation for six 
yard locomotives. Benches and tools are provided 
for use in connection with the overhaul and repair 
of the engines, and the work is further facilitated 
by pits formed between the rails. 


(T'o be continued.) 
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COLLISION DYNAMICS. 
By G. GREENHILL. 
(Continued from page 567.) 

8. It will be noticed that the idea of acceleration 
has so far been kept out of sight, except for the 
inevitable g of the gravitation statical system. 
It is the usual experience that the grasp of this 
idea of acceleration does not arrive till after some 
progress has been made with the applications of the 
principle; and it is notorious that the engine 
driver on the railway, whose business it is to create 
and make acceleration, and then to reverse it, has 
@ very vague idea of its measure; much as the 
mechanic in his notions of a force and a blow, 
when he asks for their measure in the same unit. 

But with acceleration defined as the rate of 
growth of velocity with the time, we can rewrite (A) 
as: 

o 2 a F 
(D) a = iw" i wW 
_ a8 the statement in an equation of Newton’s Law II, 
and a, the growth of velocity per second, is called 
the “acceleration,” measured here in feet per 
second per second, abbreviated in the Hospitalier 
notation to f/s*. 

Thus @ and g are quantities of the same kind, 
measured in the same unit; for ordinary numerical 
calculation in the sequel we may take g = 32, f/s*. 

To complete the history of our dynamical problem 
of the motion of a carriage on a road, the body must 
be reduced to rest again, as in a run A D from one 
stop to the next, for example, of a lorry, motor bus 
or tube train; and if the stop from velocity v is 
made in the length C D by a brake resistance B, Ib 
or ton, acting for ¢ seconds through s' ft, 


(AY B¢ =W ’ F ¢. sec-Ib or ton ; 
g 


(BY Be =w™ = 


y 
‘ie FAL 
Waeses 


Fe, ft-lb or ton ; 


be 


; » f/s. 

The middle part B C of the journey may be sup- 
posed run at full speed v, and then a graphical 
representation is given in Fig. 2 of a single journey 
from rest to rest, as of a graphical time table; with 
AK the total time; AT, GT’ the time lost in 
starting and stopping, over T H, the time of running 
through at full speed without stopping. 

A railway time table might be shown graphically 
on a similar scheme, except that the line of distance 
AD, marked with the stations, would run in the 
vertical margin to the left of the page, and time 
stretches horizontally across. Then Bradshaw would 
come out in a graph. 

The carriage moves as if the vertical field of 


gravity g was disturbed by a field wv g, OF 7 9 


parallel to the road. The direction of apparent 
gravity inside the carriage will be given by a short 
plumb line, which sets itself at right angles every- 
where to the line below A E F D of apparent level, 
or in the line at which aman muststand on the floor 
without strap-hanging, making in the figure : 

EB_ F FO_B 

BA W td W 

The effect of this change in apparent gravity is 
very perceptible on the tube railway, to a passenger 
walking along the car, entering or leaving by the 
door at the front or rear end, as the train is starting 
or stopping. The jerk he feels at a stop is due 
chiefly to the sudden change to the normal vertical, 
and partly to the recovery of the carriage body on 
the springs; this is the after effect just before the 
complete stand still, Parrét complet. 

The effect is very pronounced also on the top of 
the motor bus, according as the driver puts in the 
clutch, or puts on the break, in causing the carriage 
body to pitch, making progress difficult on it for a 


passenger. 

The calculation of the motion of the carriage body 
on the springs is a matter for subsequent theory, 
after the notion of moment of inertia and rotational 
motion has been introduced. 

9. We have postulated (illogically) the kine- 
matical theorems of a body falling freely under 


gravity, in saying that + is the number of seconds 





of fall to acquire velocity v from rest; but this is 
included in (D), when F = W,a = g: 


and g is constant, as enunciated by Galileo in “de 
motu gravium naturaliter accelerato.” 

Then working with (C) the average velocity 
principle : 


8 1 1 1 vw 
eo @ =@ wees =. == 
; 3” a 7° gen = 


the depth @ vertical to fall to acquire velocity v 
from rest in ¢ seconds. 

Galileo used his pendulum, plummet on a thread, 
to prove mechanically that g is independent of 
material and weight, and disproved by it the theory, 
falsely attributed to Aristotle, that double weight 
would fall double as fast, making g proportional 
to W. And by altering the length of his pendulum 
in beating out equal intervals of time, he could 
verify the kinematical theorems, Jetting a ball or 
cylinder roli down a desk at the same time. Here 
is a detail worth developing in Mach’s stimulating 
historic lectures on the “ Science of Mathematics.” 
And it is time the Aristotle-Galileo controversy 
should be settled by an appeal to authority. In 
making his statement Aristotle was really dis- 
cussing the terminal velocity of a body falling 
in a resisting medium, where some such law is 
found to hold, as in bomb dropping, where the heavy 
body cortainly comes down the faster, not merely 
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of Galileo’s little 1-lb and 2-lb weights, dropped 
about 100 ft. Any one can verify this for himself 
in Aristotle’s Physica or de crelo. 

Instead of letting the body drop from rest, 
suppose it is falling already with velocity wu, f/s, 
and has acquired velocity v after ¢ seconds : 

v-w vo-—w4 
eas: |e 


<=i0+y =F" 


vw — ye 
2g: ’ j 


29 
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So also the gain of energy, W 





o-—-s 
g 
the work done by the impulse W multiplied 
by the mean average velocity $ (v + u), true also 

for a blow however short the duration. 

In a different notation, if the velocity grows from 
V—UtoV +40, tosplit the difference, passing 
through a mean velocity V, the equations (A), (B) 
can be rewritten : 

Pr=wi 2 Pemw—, 


of the factors W 





and }(v + u), is seen to be 


v—w# 





and the factor } has disappeared. 

Here is theory enough to serve the novice in 
dynamics, for six months or a year according to 
ability ; and it will give him a definite grasp of the 
laws of motion if practised on concrete tangible 
applications, which in Kelvin’s opinion should be 
chiefly numerical and on a large scale, as seen 
around him, such as I have collected in my “‘ Notes 
on Dynamics” (Stationery Office). He should 
begin by taking a formula for granted, as from an 
engineer’s pocket book, and test it on numerical 
applications until he has gained confidence in the 





application ; after that he can examine the theory 
of the formula. 

But avoid the explanation of a difficulty before 
it has arisen in the mind of the learner, suggesting 
difficulty instead of keeping it out of sight as long 
as possible. “‘ We advance by ignoring our own 
ignorance, not by concentrating on assumed 
knowledge.” —E. B. Wilson. 

So if the teacher is a disciple of the doctrine of the 
non-Newtonian dynamics of Relativity, he had 
better keep it dark from the beginner, and not 
strew the primrose path with boulders and obstacles 
at the outset. Although it is needful for the 
teacher to have some critical acquaintance with 
these mysteries, as well as of non-Euclidean 
geometry, and of the metaphysics, too, of the 
multiplication table, they are best removed out 
of sight of the child learner, too young to under- 
stand why twice two is four, and how it is proved. 

Some unbelievers have gone so far as to stigmatise 
the geometry which is not Euclidean as— 
“une grimace scientifique, paradoxe sans utilité. 
base volontairement fausse, plaisanterie logique,” 
and so on. 

10. To answer again the workman’s question of 
the static pressure of a blow, his attention should 
be directed to the smith, forging red-hot iron on 
an anvil, and to noting how the compression at 
each blow diminishes as the iron cools, and the 
hammer seems to strike harder. 

If the hammer, weighing Wlb, strikes with 
velocity v, and compresses the iron a distance z, 
ft, the average static force F is given by the 
energy equation : 

Fe=ow™, F=w—~,b 
29 2 gx 


It is not easy to measure ¢ the time of the blow, 
but it can be inferred from the momentum equation 


Fre=w, re Sa Et, 
g Fog $e 
on the average velocity principle. 

The anvil is here supposed large enough to take 
the blow of the hammer wi*hout flinching, as 
forming part of the solid earth. 

The blow of a hammer on hot iron could be 
studied on a large scale formerly in the manufacture 
of the old muzzle-loading chubby Woolwich infant, 
a gun made of a steel tube strengthened by a jacket 
of wrought-iron coil. When first removed from 
the furnace, the compression of the red hot coil 
made by the first few blows of the steam-hammer 
was considerable, and the blow appeared soft ; but 
as the iron cooled, the compression became smaller 
and the blow harder, or more violent in shaking 
the earth. 

If the anvil is free to recoil, we come to the 
hammer-nail-block problem, as in holding-up in 
riveting. 

Take a hammer weighing W Ib, and strike a nail 
weighing w lb with velocity u f/s, to drive it into 
a block weighing M Ib, free to recoil (Fig. 3); the 
resistance to penetration of the nail is assumed 
to require a static force of F lb to overcome it; 
to calculate the penetration x at each blow, and the 
time ¢ of movement of the nail. 

There are three stages in the operation :— 

(1) The hammer is approaching the nail with 
velocity u; the nail and block are stationary. 

(2) The hammer strikes the nail, and taking the 
impact as inelastic, hammer and nail start to move 
together with the same velocity u,, such that 

(W+w) St =w ®. 
g g 

(3) The nail penetrates the block against the re- 
sistance F lb, a distance z in time ¢, until hammer, 
nail and block are moving together with the same 
velocity u,. Then, on the momentum principle, 

(M+ W+w) =(ww) *=we, 
g g g 
1 — Up _ _. 2. ae, 
~“g  M+W+wg 
On the principle of energy, 
F z= work used up in penetration 


=W+w) 3 - M+ W+e 


Bas M We ue. 
~ (W +o) + W + w) 29, 
and ¢, z are thence determined. 


yan =(W +w) 
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Working on the average velocity principle, the 
velocity of the nail through the block changes 
from u, to 0, so that 


1 . - eo 
— ut = 
2 
as before. 
And the block will have advanced a distance y» 


during the penetration with average velocity 4 u, 
for a time ¢, so that 


MW u 


“ 2Wiw M+Wt+w g 





ae ee: >. 2s 
2 (M + W + ww)? 29F 


(4) Finally, all three, hammer, nail and block, 
are moving together with common velocity wp, 
until brought up by some other action. 

Similar theory is required in the action of the 
crusher gauge, where the compression of a cylinder 
of soft copper is measured to give a record of the 
pressure exerted by a piston hammer, driven by the 
powder gas. 

Then there is the sap helmet and Dowe cuirass, 
where the blow of a light bullet moving at high 
velocity is mitigated by the extra weight of the 
helmet, so that it can be received without harm 
on the head or body, provided the bullet is shattered 
or deflected, and the metal is thick enough to resist 
penetration. The modern steel helmet is another 
application. And the operation of firing the bullet 
out of a rifle from the shoulder is only the same 
dynamical] action in reverse order. 

The same principle of momentum will serve to 
determine the steady static thrust due to the impact 
of a stream of bodies, such as a jet of water, or 
the links of a chain falling vertically on the ground, 
to be represented in a graphical construction. 

Bertram Hopkinson measured the time of impact 
of a bullet, by receiving it on a steel cylindrical 
rod suspended as a ballistic pendulum, the bullet 
being supposed to act as if fluid, and to crush up 
and escape sideways, so that the impact lasts as 
long as the bullet moves its own length,; this is 
described later, in § 19, under the ballistic pendulum. 

11. The coal train problem. Before the introduc- 
tion of the continuous air break, the driver kept 
control of a long train of coal trucks, with inelastic 
buffers and slack chains, by the succession of bumps 
between the buffers or jerks of the chain coupling. 

Call W, tons, the weight of engine and tender, 
w of each truck, and F the tractive force in tons 
at the bite of the driving wheels with the rail. 
Starting with all the buffers in contact, call V the 
velocity just before the rth jerk, and U, just after ; 
then 
Ur 


(W + r— 1. w) T= (W +rw) » sec-ton ; 





and a, ft, denoting the buffer interval when the 
chain is taut, 


Fa =(W +r— 1.w) 
Eliminating the V’s, 


VA— Ut ft-ton. 
29 " 


(W+ r—1.w) Fa =(W+r w)2 = — (W+r— Loe, 
9 


a sequence equation, from which by successive 
addition, from U, == 0, 


(7W+4r.r—1.w) Fa= (W147 we Se, 


thus determining U,, the velocity with which the 
rth truck starts off. 


The engine will have advanced ra feet, and the 
jerks being instantaneous and inelastic, the momen- 
tum principle gives the time ¢ to the rth jerk by 

Ft = momentum generated = (W +r wy , 
and thence 


t—/(Atr es) a/ ==. seconds. 


The work done by the engine is Fra, ft-ton, 
and the energy acquired being 
(W+rw) UF _ rW+hr-r—lw py 
29 W+vw 
the energy dissipated by the jerks is the fraction 
nt eee ae oy SST 
W+rw W+rw 
of the work done F ra, ft-ton. 
It steam was shut off at the first jerk, 
(W + rw) Uy = WV}, 





ft-ton, 





and ¢, denoting the time from the start to the 
rth jerk, 
typ — tp) oe Se 


l we 
Ur ( + Vi 
4r.r—liw 
tp= } hn TO 
(r+ Ww ) 1 


When the train is at full extent, and steam is 
shut off and breaks applied, calling up a resistance 
B, tons, on engine and tender, a reverse operation 
takes place: a series of bumps is heard between 
the buffers, and speed is reduced rapidly. In this 
way the driver had control of a long train of coal 
trucks, before the continuous air break was in use. 

12. It was formerly a piece of logical persecution 
in dynamics to start the beginner on a number of 
pitfalls and entanglements, called “change of 
units,” supposed a wholesome discipline for him 
before he started on realities he had seen. 

But there has been no need for us, so far, to use 
any other units than our Imperial measures of the 
foot, and lb or ton, with an occasional appeal to 
the metric equivalents of the metre and kilogramme, 
(m and kg). 

We do not try to trip up the novice at the outset 
with such questions, formerly considered educative, 
as: “Inthe equations W =Mg,M=pV,W=eV, 
given the unit of mass is one hundred weight, the 
unit of weight is the weight of one hundredweight, 


Fig.4. R 


=(1 +7) 












the standard substance is water, . . .” to be found 
in Parkinson and ‘Todhunter’s Mechanics, or 
Besant’s Hydrostatics, there copied from their 
precursors. 

The all pervasive g we have taken in round 
numbers at 32, f/s*, which in the Metric System 
is ised as 9-81, m/s*. 

SOETIIS te clueot ‘tude co wath ot tino ta 
dynamical calculation, chiefly because it keeps g 
within moderate size ; but the second is too minute 
to observe with accuracy in an engineering measure- 
ment, where it is usually replaced by the minute ; 
revolutions are always reckoned by the number in 
one minute, as 20,000 in the gyro-compass. 

Minute and second are the Latin “ minutos ” and 
*‘secundos”’ (minutos), fractions of the hour, 
successive 60th parts, in accordance with the sub- 
division of the Chaldwan astronomer. 

All clocks, watches, and chronometers ore 
graduated in sexagesimal time, and they were too 
valuable and plentiful to throw away, in favour of 
the centesimal divisions of the Metric System. 

With the minute as unit of time, g requires to be 
multiplied by 60 twice over, and would be 115,200 
foot-minute units, f/m*. 

Newton had verified the Law of Gravitation as 
far as to the moon, when he pointed out that g up 
at the moon was 32, in foot-minute units; so that 
the moon was drawn towards the earth 16 feet 
from the tangent every minute, the moon being 
at a distance 60 times the earth’s radius. 

But this was not till after he had discovered his 
error in taking the soldier’s land mile as the same 
as the nautical geographical mile, as he had been 
taught. 

13. In the treatment of the Principia, the effect 
of a continuous force in changing the momentum 
of the body is replaced by a series of discrete blows, 
supposed to act at short intervals of time. The 
effect of supposing these intervals to be of a finite 
unlimited magnitude was investigated in ENGrIvEER- 
mG, October 11, 1918, page 393. 

In the simplest case of a circular orbit, as of 


the moon round the earth, treated in this manner 
/as an equilateral polygon described under a series 
of equal timed blows to the centre O, the straight 
line path APT. . . described with uniform velocity 
V is supposed changed into the broken equilateral 
polygonal path APQR... of equal chords, 
inscribed in a circle of radius a, and described in 
equal time ¢, as if rebounding from the interior of 
the circle, where 
AP=PT=PQ=Vzéz, and TQ = Ut is parallel 
to OP, U being the velocity communicated by the 
| blow to O. (Fig. 4). 
Then in the similar triangles O A P, P T Q, 
TQ_ AP porg— AP U_ Ve _ drt 
, OA 


APs Vig ULV 
PT OA 7 "Ste Te 


for a periodic time T, and U/é measures the average 
acceleration to generate the velocity U continuously 
in the time ¢. 

In the case of the Moon, taking ¢ one minute, 
TQ = 16 ft, the distance described with average 
velocity 4 U in one minnte ; and the acceleration of 
the earth’s gravity up at the moon is 32, f/m®, in 
agreement with the Law of Gravitation, inversely 
as the square of the distance. 

If the velocity of the moon was turned up away 
from the earth, the moon would reach to a point B, 
where AB = OA, on the inverse square law of 
attraction. 

From B the moon would fall plumb on the earth 
at O, in the time of half a lunation, by Kepler's 
Law III; the attenuated rectilinear orbit BO 
having the same major axis as the diameter of the 
orbit of the moon. 

The case of parabolic motion of a ball thrown in 
the air was considered in the same way, in ENGINEER- 
ING, p. 394, October 11, 1918. 


(T'o be continued.) 











PROTEcTION FROM CaRBON Monoxipr.—The nous 
and insiduous character of carbon monoxide is well 
known, Doing the war many soldiers were killed by the 
evolution of CO, not from Po shells, but from 
defective explosive shells w had failed to explode. 
The CO is the most dangerous of the aftermath of 
methane explosion in mines, and cases of CO poisoning 
have occurred in automobile garages, during ; gun practice, 
in.gas works, in iron and steel works, and near leaky 
flues. During the war Arthur B. Lamb, W. C. Bray, and 
J.C. W. Frazer, of the United States Bureau of Mines, 
found in “ hopealite”’ an effective absorbent for CO; 
the research, begun in the University of California, was 
continued at Washington and elsewhere, and publication 
was recently permitted. Hopcalite consists of a mixture 
of about 50 per cent. of dioxide, 30 per cent, of 
copper 0: , 16 per cent. of cobalt dioxide, and 5 per 
cent. of silver oxide. The mixture is placed in ordinary 
gas-mask canisters, in which it gradually loses its 
efficacy by the absorption of moisture; this abso 
can to a certain extent be determined by control of the 
weight of the canister, an increase in weight indicating 
water absorption, Experiments are to be made in the 
projected tunnel under the Hudson, New York 

Jersey City. Dangers from the heavy automobile 
traffic are feared for this tunnel, and 13 students from 
Yale University have offered themselves for the risky 
experimenting on the amount of CO that man may safely 
be exposed to. 





Errects or Srrarmy anp or Heat TREATMENT ON 
Mertat Srrvcrure.—The more or less slow changes in 
we we structure which take place in metals after 
cold work and after annealing can, according to 8. Nishi- 
kawa and G. Asahara, be followed by means of X-ray 
examination. They apply (Physical Review, January, 
1920, pages 38 to oe original method of Laue, 
letting a pencil of the rays, 3 mm. in diameter, 
normally on the rolled sheet of metal (from 0-1 mm. to 
Be. _ Se yr the wy tA about 5 om. 
rom t graphic plate on w spots in 
charac ic patterns are uced, Ratled a 
cadmium, copper, zine and gave ill-defined patterns, 
but a symmetry with respect to the direction of rolling 


was noticeable. Silver and tin showed similar patterns 


immediately after rolling; when the » were 
kept at tem ture for a or two, the 
patterns oc into t characteristic of the annealed 
metals. In t 


case of lead and thallium no symmetry 
was visible after rolling, indicating either that the rolling 
did not distort the structure or that the crystalline 
recovery is rapid. The annealing was effected in an 
electric furnace at temperatures up to 800 deg. C. The 

etals, of o , differed greatly in their response to 
annealing In the case of silver and tin annealing for 
30 minutes at 80 deg. sufficed to obliterate all traces of 
the previous cold work ; for copper, 2 hours at 800 deg. 
was cient. Thallium 
tures from 100 deg. up to ae 
of a transformation point at 227 deg. C., which would 
eons wilh, atggrvamems We eee seteetas in tin, 
however, the X-ray e did not reveal any 
transformation near 160 deg. 
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OXY-ACETYLENE MANHOLE CUTTING MACHINE. 


CONSTRUCTED BY THE DAVIS-BOURNONVILLE COMPANY, JERSEY CITY, N.J., U.S.A. 


Fig.2. 
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An interesting application in automatic cutting by 
the oxy-acetylene process is exemplified in the illustra- 
tions Figs. 1 to 4, annexed. The appliance illustrated 
is intended for the repetition cutting of manholes 
to template. It is made by the Davis-Bournonville 
Company, Jersey City, N.J., U.S.A., and has been 
styled by them the Camograph No. 2. The firm some 
time ago produced a machine with a tracing wheel, by 
means of which the torch could be made to follow a 
blue print. In the present machine the action is 
automatic, the torch following a cam or template. 

A heavy cast-iron base of U-shape is provided, at 
the back of which is a vertical post. On this post is 

ivoted a double-jointed arm consisting of two leaves. 
ese are light but rigid aluminium castings, and are 
mounted on ball bearings, which are also used for the 
hinge joint between them. The cutting torch is 
mounted pointing vertically downwards, on the lower 
outer end of this double-jointed arm, as will be clear 
from the photograph reproduced. The automatic 
movement or feed is obtained by the gear at the top 
of the machine. Fastened to the post is a large frame 
or holder in which is a circular opening. In this opening 
can be fixed cam plates cut to the form of the manhole 
it is desired to cut in the work. On the top of the outer 
leaf of the double-jointed arm is a small motor, driving 
a spindle, which, by worm and double-reduction gears, 
drives a small feed roller mounted exactly on the axis 
of the toreh. This feed roller is in contact with the 
cam face, and therefore guides the torch along the 
required my The feed is actually obtained by 

the 


friction, necessary adhesion of the roller on the 
cam face being obtained by a powerful electro- et, 
which is shown above the cam plate holder. This 


magnetises the feed roller, and it is drawn towards 
the cam face, against which it rotates. Direct current 
is required. The control is by a double push button 
switch for starting and stopping the motor, and for 
energising the magnet. Speed control is affected by 
means of a small knurled screw on the end of the 
motor casing. The electric control is connected up 
with the oxygen valve so that when the oxygen supply 
is turned on for cutting the feed motion starts. 

This machine was originally designed for cutting 
hand holes, &c,, in ship and boiler plates. It has 
immense advantages over the driling machine, for it 
can be placed in any — on a large plate which 
would otherwise involve the use either of a large 
machine tool, or a portable tool with necessary pre- 
liminary drilling. addition, of course, the finish 
obtained with the torch is so much better than that 
with a hoceed of drilled holes, any to require 
no su uent dressing up. Very little power is 
required to drive the machine, which is designed 
to out openings of about 7 in., though holes with 
one dimension considerably larger than that may 
be cut. A hand hole having a periphery of 12 in. to 
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13 in. can be cut in } in. to $ in. steel in about a minute. 
All ordinary thickness of boiler plate may be cut. The 
shape of the hole is dependent upon thecam. The cam 
plate can be rep 4 feces practically without 
loss of time. Care must be taken when perforating and 
cutting plates in this manner, to perforate well inside 
the finishing line, in order to obtain a clean contour 


finish. A secondary cam is provided to guide the feed 
roller after perforating up to the main cam face. 

The machine weighs 125 Ib. It is provided with an 
eyebolt at the top of the pillar, so that it is easily slung. 
It is about 25 in. high and 17 in. wide, The motor 
and magnet require a supply of direct electric current 
at 110 volts. 
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THE VALUATION OF ORES AND IRON- 
MAKING MATERIAL*. 
By C. H. Ripspatez, F.I.C., F.C.S., Middlesbrough. 


THERE is perhaps no more striking instance of the need 
for chemical guidance than in buying and selling ores. 
About 10,000,000 tons of pig-iron are made in this 
country in a normal year, involving the use of 20,000,000 
tons to 30,000,000 tons of ironstone and ore of many 
kinds, and purchased at widely different prices; the 
final decision as to which shall be bought, and the 
relative price to be paid being, in most cases, in the hands 
of men who are not familiar with the chemical reactions 
attendant on its reduction, or the practical considerations 
which can be learnt only by long experience in the 
responsible running of blast furnaces. This duty has been 
allocated to them not on account of their knowledge 
of these vital matters, but for reasons of office organisa- 
tion or because of their bargaining power, and they have 
no really sound scientific system on which to work. Yeta 
misjudgment of only 6d. or 1s. per ton on 500,000 tons 
of ore—a by no means uncommon quantity for one firm 
to buy in a year, especially now there are so many 
amalgamations—involves no less than 12,5001. to 
25,0002. Very great trouble is taken and considerable 
sums are spent in looking into the merits of a piece of 
machinery or plant which will save only a fraction of this 
sum. How much time or money are spent over careful 
investigations as to the real value of anore? Frequently 
neither the chemist nor the blast-furnace manager have 
been adequately consulted, or have had any opportunity 
of closely investigating the matter. 

Another reason for bringing forward this subject at the 
present time is that the considerations involved bear 
largely on the question of fuel economy, of which so 
much has been heard lately. Even when coke was only 
15s. a ton an excessive consumption of it rendered the use 
of certain ores uneconomical. How much more important 
this is with fuel as scarce as it is, and coke at its present 

rice. 

4 Before proceeding further, however, it should be 
recognised clearly that price may be no gauge of value, 
and the mere getting of a reduction below the price 
asked may not necessarily imply that a good bargain 
has been made. It may be bad business to buy a poor 
ore even at a very low price, and good business to buy 
a better ore at what appears to be a very high price. 
Price is to a large extent artificial and arbitrary, and 
governed not only by the value of the article, but by 
other considerations. The price, however, though it may 
be more, will not for any length of time be less than the 
cost of winning (mining, royalty, &c.) plus transport, 
merchant’s and other charges, and a small profit ; 
and although certain lots may be disposed of for a short 
time, or through special circumstances (such as to create 
a demand) below this, they manifestly cannot continue 
so to be sold on a large scale for long. Cost, to the iron- 
maker, is the total sum paid per ton of ore which is 
actually smelted in the blast furnace. Any ore which 
after being weighed does not reach it through being blown 
away whilst unloading, or loading, or washed pent he 
rain, or blown out of the furnaces into the dust-catchers, 
or whilst lowering the bell—has cost just as much per 
ton as the ore smelted, but has yielded nothing. Value 
is what the ore is really worth to the iron-maker. Unless 
it is above the total cost to him, it is bad business to use 
it. As the value depends on a great deal more than the 
iron contents, in fact, upon everything that is involved 
in working it, a manager or other buyer who constantly 
has to choose between materials, the prices of which may 
differ considerably from their real or intrinsic values, 
cannot act to the fullest advantage unless he knows these 
with exactitude. A few ce may mean all the 
difference between profit and loss. Often the materials 
are new to him, and he has nothing to guide him. Ina 
great many cases, however, past experience of a material 
enables him to buy so as to yield a profit, although with 
more exact data he might have bought to still better 
advantage. 

Although practical experience, if it be available and re- 
liable, is the best, in fact, the final test, and is, irrespective 
of all theory, the real issue, this is far less easily obtainable 
than may supposed, for any particular ore is seldom 

alone, and trials made under carefully watched 
conditions (by which only can true effects be accurately 
gauged) are the exception, so the conclusions formed 
may not be reliable, but masked, or affected by un- 
observed conditions. Generally a cargo is spread over 
two or three furnaces, and mixed with other ores ; also 
the conditions of working may not be normal during the 
trial. On the other hand, there are certain scientific 
data—chemical and thermal—which have been carefully 
determined, and the question is : Cannot a more accurate 
valuation be made from a full analysis and statement of 
the mechanical condition coupled with practical 
experience, than from the ordinary trials not conducted 
on strictly scientific lines, or of which the records are 
incomplete, and the true effects not correctly differ- 
entiated ? Very little appears to have been done 
hitherto—or at any rate published—to utilise these data, 
combined with practice, for valuation. Yet such deter- 
minations should (unless possibly with rare exceptions) 
prove by far the most reliable means of valuation, 

Amongst the means for checking which the author has 
had may be mentioned, not only analyses of the ores 
used, yields obtained, and other usual blast-furnace 
records, but analyses not merely occasional, but extending 
Over many years, and for every ladle of slag and every 
cast of iron produced, in conjunction with observations 
of their fracture. 

It is impracticable within the limits of a short paper 





* Abstract of a paper read before the Iron and Steel 
Institute on May 6. 





to do more than set forth briefly the case for proper 
valuation. This is done not dogmatically, but wath 
the hope of eliciting discussion by practical blast-furnace 
men who have studied the chemical and thermal sides of 
the problem. It is unfortunately only possible to give 
a@ few examples of the heat balance sheets and other 
detailed working involved. we are concerned 
to know with reference to an ore to be valued, is how 
it will compare on exactly the same basis and con- 
ditions with some other, which thus b a standard. 
The value determined is, of course, relative, not absolute. 
Each ore naturally tends to be best suited for iron of a 
enor type, although it may be practicable to use it 
or another type, and for whatever type is taken as a 
standard there will, with normal furnace working, be one 
best type and ay mee | of slag. When compared on these 
lines, it will be found that as the valuation is relative, a 
good many details in a particular practice may differ 
from those of the standard taken without invalidating 
the comparison, as it is taken for both. 

Analysis.—The first essential is g full analysis of the ore 
expressed, so as to show not only how the 100 per cent 
is made up, but also its constitution—that is, the con- 
dition in which the iron and manganese exist, and also 
the impurities with the nature of the gangue. For 
instance, it is necessary to ascertain whether the silica 
is present as quartz or shale, and in any event the pure 
silica, not merely the insoluble siliceous matter, should 
be shown. It should show whether the lime is present 
as carbonate or silicate ; whether the sulphur is present 
as calcium or barium sulphate, or as pyrites. If such an 
analysis be not available, the valuer must build up one 
from his experience and from such data as he can 
command. There is greater need, too, for uniformity 
of expression of analyses by different chemists, and 
adapting them to show more readily what the person 
using thern wants to know. (Examples are given in 
table form of an arrangement which the author intro- 
duced many years ago as convenient to iron-makers, 
showing at a glance approximately the pig, gas and slag 
formers (acid and basic), respectively, grouped together.) 





Metat PRopvUcED. 

Quality and Quantity of Ore per Ton “‘ Natural Pig”’ 
made to Standard Type and Grade.—As the value of the 
ore is affected by all that is involved in turning it into 
iron, this is best gauged by the cost of making a ton of 
pig-iron from it. The composition of the “ natural pig ”’ 
it would produce (theoretically) if smelted alone must 
therefore be worked out. To find correctly the quantity 
of ore, limestone, coke, &c., it will take to do this we must 
first note from the dominant constituent—as phosphorus, 
manganese, &¢.—what type of pig-iron it is best adapted 
to make, and then decide on the grade, so that it may be 
valued on this basis. 

In each of four examples given there are certain 
constituents—carbon, silicon and sulphur—the percent- 
age of which depends on the furnace worting sates than 
on the ore, and for comparison they are taken as being 
constant, whilst the phosphorus and arsenic vary directly 
with the ore content of those elements, and the man- 
ganese varies primarily according to the ore and, 
secondarily, according to the furnace working and the 
basicity of the slag. The percentage of these bodies 
present in the pig-iron varies, therefore, for its type and 
grade, which must be known before the iron in the pig-iron 
and ore per ton of pig-iron, can be determined. This 
may seem rather unnecessarily troublesome, but for the 
valuation to be accurate it must be more exact than in 
some of the rough methods employed, which may be 
2 per cent. or 3 per cent. out. 

lag.—A given type and grade of pig iron to be made 
presupposes a certain basicity of the slag necessary for 
its proper manufacture, and this must be borne in mind 
when calculating the manganese which would enter the 
ig-iron. This and the phosphorus and arsenic having 
m determined, in the absence of other metals as 
chromium, nickel, copper, &c., the difference can be 
taken as iron. The basicity of the slag, in conjunction, 
of course, with the temperature of the hearth, affects the 
working of the furnace vitally, not only as regards the 
amount of manganese, silicon, and sulphur reduced, but 
also as regards coke consumption. It is therefore very 
necessary that when ores are compared for the same 
purpose it should be on the same basicity. If the 
standard ore is taken at, say, 1-5 base to 1 acid—generally 
expressed in terms of So, (but not to be taken too 
H 
literally }—the ore to be valued must, pari passu, be taken 
at the same, or it is not a fair comparison, as, in working, 
the proper effect would not be obtained from the ore. 
practice this point is not always observed, and the result 





is therefore ag. For inst , an ironstone was 
being delivered simultaneously to a firm making foundry 
iron on a 1-6 basicity slag, and to another making basic 


with a 1-9 slag. A sud 
strongly complained of by 


large increase of silica was 
the latter, their iron losing its 
manganese in sulphur, extra lime and 
coke having to be The mine-owners said these 
troubles could not be due to their stone, as the other firm 
had no trouble or irregular working, and had not used 
extra lime or coke. Investigation showed that their 
slag had run down to 1-3, and the iron had run up con- 
siderably in silicon. The lower iron content of the poor 
stone was equivalent to there being more coke per ton of 
pig-iron, but for want of close watching of yields and 
consumption this was not discovered at the time, and the 
lighter burden enabled the furnace to keep ormng. aarer 
those conditions. The whole effect was ‘ore 
masked, and would have escaped notice—although the 
quality of the products was not normal—if the different 
practice and close watchfulness of the other firm had not 
called attention to it. 

On the other hand, occasionally there may be some 
circumstances which necessitate the use of a different 





basicity—for instance, an excessive amount of sulphur 
in the ore to be valued, present in a form which readily 
passes into the iron when reduced, namely, in combina - 
tion with iron as sulphur in the form of pyrites (FeS,). 
int about the basicity in actual working is 
the proportion of the different bases taken as equivalent 
to Sage ay —- ye instance, makes a ropy, 
viscous , which retards free driving, whilst manganous 
oxide tends to make a thin cutting slag, and to a con- 
siderable extent to counteract the effect of alumina. 
Magnesia again has not quite the same effect as lime. 
These points illustrate the futility of expecting that 
valuation can be reduced to a mere question of mathe- 
matics carried out by the clerical staff. 
_ Lime or Limestone required per Ton of Ore and Pig. 
tron.—This must be calculated, and depends on definite 
chemical principles. It is a matter which is fairly 
well understood, although some methods in use are of 
doubtful reliability. The author yeone as ore mixtures 
generally require the addition of some extra base, to 
estimate the effect of each base present in terms of silica, 
fluxed at the standard rate of ae. the slag, for 
the particular type of pig to be . This gives a 
percentage of silica fluxed by the bases of the ore itself 
(if any), which deducted from the percentage of silica 
resent leaves the excess or “free’’ silica to be fluxed 
y lime (expressed in terms of limestone, for standard 
oy wey oy from outside sources. Should bases in the 
ore be in excess of the requirements for silica, the equiva- 
lent deficiency of silica is expressed as “limestone 
substituted,” and this and any coke not burnt by CO» 
of limestone should in consequence be credited, The 
figure — ton of ore, multiplied by the ore per ton of pig, 
gives the limestone per ton of pig. Of course limestone 
can be calculated, if desired, to the half, two-thirds, or 
completely burnt state. 

Coke required per Ton of Pig-iron and Ore,—Ascertain - 
ing this is not so simple as calculating the limestone 
required. Such attempts as the author has seen have 
generally shown little more than the carbon for chemical 
requirements, and have not been satisfactory. It is 
necessary first, in order to gauge the behaviour of each 
individual constituent, to prepare a “ balance-sheet’’ 
of it, showing all the carbon required and the heat deve- 
loped or absorbed on its account. For a comparison of 
ores, good normal conditions of furnace working are 
assumed for the reactions that take place. Reduction 
is regarded as being effected, for ferric oxide (free), 
in a reasonably porous condition, by carbon monoxide 
in the upper part of the blast-furnace, with consequent 
economy due to obtaining the 70 per cent. extra heat out 
of each unit of carbon; but for practically everything 
else—(even ferric oxide if in a vitreous state or otherwise 
held in combination which prevents this), ferrous oxide 
(whether as carbonate, silicate, or other combination), 
magnetic oxide, manganous oxide, manganese dioxide, 
mang’ mang oxide, phosphoric acid, silica, &c.— 
in the lower part of the furnace, or the hearth, reduction 





is effected by solid carbon, The author is satisfied that, 
for practi epee this is what occurs. 
Carbonic id, whether from incompletely calcined 


ironstone, or from limestone, is taken as being driven 
off at such a temperature as allows it to dissolve an extra 
unit of carbon. Very few furnaces have such low tem- 
perature or rate of driving that this does not occur, 
though, of course, in cases where it is known that it 
does not, this item need not be charged. Whether all 
driven oft or not, it does not appreciably alter the relative 
value of ores if the quantities are about equal. Special 
attention should, however, be called to the further bad 
effect with ey eed calcined ferrous carbonates, due 
to the resultant ferrous oxide having to be reduced by 
solid eevee 
Moisture and Combined Water, beng x the top of the 
furnace, are taken as being simply driven off by the 
sensible heat of the gases. Whilst they may keep the 
furnace top cool, they also tend to make the gases burn 
badly. course, if the gases are washed before burning 
this does not apply. If the moisture exists so that it is 
expelled slowly and with difficulty, and so gets low down 
in the furnace, as, for instance, when contained in 
lumps which descend before it is all driven off; or if it 
enters the lower part of the ,furnace, as from leaky 
tuyeres or blocks, or in the blast, it is reduced by solid 
carbon, forming CO and H. 
(The paper then gave five different ‘‘ balance-sheets ”’ ) 
In one example stated, the requirements of coke per 
ton, both for the metal if from pure peroxide and the 
extras for impurities, &c., are obtained in two portions : 
(1) The net quantity required thermally ( on the 
heat units) and chemically for each ms My to be carried 
out under theoretical (perfect) conditions, viz., from pure 
cen macs _ (2) The “‘ extras,” or further quantity required 
or losses inseparable fro ing out of those 
reactions under ordinary (imperfect) contiblons met with 
in tice, and including the impurities. 
_ point that is perhaps not sufficiently realised, 
specially with regard to ores that need to be worked 
with Samy Baste slags, such . when ferro - 
manganese manganiferous ns (as, for instance, 
basic Bessemer, which demands s and furnace 
woes similar in many respects, in which it is 
probably quite as difficult, in view of silicates used, to 
retain the manganese), is that, apart from limestone 
required for the ore, the coke ash, which contains a good 
deal of silica, must also be allowed for, especially as the 
poorer and more siliceous an ore is the more coke it will 
pom paar Extra limestone will be required for the coke, 
and extra coke for the extra limestone and the extra 
produced, and so on to ers though after the first 
two stages it mes. negligible. These items for 
“self” or “inter” satisfaction are therefore included. 
Another item is a combined allowance as derived from 
ice for tuyere water, water of the blast (the calou- 
tions so far having been based on dry air), water of the 
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coke, and losses by transmission through the walls and 
by means of slag and iron run out; and as all these are 
directly dependent on the amount of coke used, this item 
is taken as a percentage on the coke required apart from 
it. The total amount taken is 19 per cent. of the other 

irements, including that for self-satisfaction (or 
17-82 per cent. apart from this) which is shown sepa- 
rately so as to allow for showing the limestone and slag 
for this variable quantity. 

Having now got for any standard type and grade of 
pig-iron the quantity of materials required to make 1 ton, 
and the slag, &c., uced under normal conditions, 
it is easy to calculate the cost (so far as it is e 
by these, and without having allowed for any abnormal 
features) at current prices as compared with the same 
for any other ore then as a standard. This will give 
the relative costs for them delivered at the works, but 
as the real cost for materials depends not only on this, 
or even on the costs as charged, but as actually retained 
in and smelted by the furnace, there are several points 
frequently overlooked which should always be borne 
in mind, as they may very much affect the real value ; 
for instance: Ore.—Whether it is delivered in such a 
way that it can be tipped straight into bins, bunker 
kilns, &c., without further handling, or has usually, all 
or most of it, to be unloaded into stock, with not only the 
cost of this, but the loss, if it contains fine dust, by wind 
and rain, Also it may have to be carried farther from 
the point of arrival or stocking to the furnaces. Such 
occurrences may apply particularly as between ores 
delivered at a ‘hart, and a local stone or ore delivered 
direct in trucks. Materials to Handle or Dispose of 
(Weight and Velume).—The relative quantity must be 
considered not of the ore alone, but also of limestone 
and coke used, and slag and gases produced, The latter 
having considerable commercial value must be con- 
sidered, and whether they are specially dry or wet, 
dusty, &c. Blast.—This, of course, has an 2 
cost, and depends on the quantity of coke to burnt 
by it. Output.—Does not depend simply upon the 
richness of the ore in iron or other pig-iron formers, or 
conversely upon the lowness of the earthy matters to be 
introduced and slag made per ton, but also upon the state 
of combination of its constituents, its reffactoriness, 
mechanical and physical condition, and other points 
which require very careful consideration. 

The calculated coke consumption to a large extent, 
though not entirely, is a gauge of these factors, and it is 
obvious with two ores of the same type, but one requiring 
25 owt. coke instead of 22 cwt., that the make would, 
with the same rate of blowing and other conditions, be 
less, as 25 owt. coke would take proportionately longer 
to burn. 

This affords another example of the difficulty of 
accurately judging a ow x of ore merely - &@ practical 
trial on a mixture of which it was only a small proportion, 
as its effect on the total make and coke consumption on a 
short period may be — Be many contingencies. 
This no doubt frequently masks the true effect of ores, 
and emphasises the need for an independent scientific 
indication. 

Without going into detail it is obvious that an ore 
which, from its combined effects, would increase a make 
from 1,000 tons to 1,200 tons per furnace (or propor- 
tionally), would on all the fixed and other eggs 
affected have a decided extra value per ton on this 
account ; besides the increased turnover in a given time, 
and—as in many cases, for instance, where furnaces serve 
a steelworks—further value is gained beyond that realised 
directly at the furnaces. 


MecHaANicaL AND Puysicat ConpiTIon. 


“It is perhaps not wide of the mark to say that the 
hysical and mechanical condition of the ore often has as 
important an influence on the value as its chemical 
composition within the usual range. ? . 
Dust.—The loss of ore through this whilst loading and 
unloading has been already referred to, and it is also very 
objectionable if charged into the furnace, Much of it 
blows away when the bell is lowered, and into the dust 
catchers, whilst what remains in the furnace, especially, 
if finely ular, is liable to run through the interstices of 
the tA roy like sand through an hour glass, and reach 
the hearth, to be reduced there by solid carbon, instead of 
in the upper part of the furnace by carbonic oxide, thus 
cooling the hearth and upsetting the quality. The 
accentuated effect of apparently trivial causes in chilling 
the hearth (the most sensitive part of the furnace) has 
already been explained by the author in a former dis- 
cussion before this Institute,* and he had in mind one 
ore in particular, the formation of which was like an 
aggregation of homeepathic pillules, many of which ran 
rapidly down, and consequently in spite of everything 
tried it was impracticable to maintain iron of regular 
uality, the changes being extremely sudden. Again, 
} ere gases if burnt direct are objectionable, and are 
more expensive to clean. Accumulations of dust (in the 
more stagnant parts of the charge) tend likewise to choke 
the furnace, causing sticking or hanging, channelling 
and scaffolding. Apart, too, from. the objection to dust 
itself, it is seldom spread evenly throughout the whole 
charge ; or even if it is so at first, it will not remain so 
during working. 
Priability.—Ores which crush readily, either as c 
or after charging, may be classed egy as though 
they contained a large quantity of dust. In fact, before 
they reach the furnace they may crumble and lose 
appreciable weight whilst being handled. It must not 
be forgotten that the portion wasted costs just as much 
per ton as that used. There are not only soft ores, but 


also certain magnetic ores, consisting of aggregates of large 





Is, individually hard, but loosely held together, 
which easily disintegrate by heat and pressure. Another 
objectionable t: of ore coming under this ang! | 
is that which on ing rapidly heated decrepitates, muc 
of it flying into sm (ger . There are also ores, some 
of them hard as mined, rich in carbonate of lime, which 
not only become soft when calcined, but also slake on 
exposure to the air and rain, swelling, disintegrating and 
ta, the quicklime of which they contain a 
considerable proportion. There are likewise ores of the 
hydrated brown peroxide type which contain a —_ 
quantity of wet small—practically mud—which not only 
has a very damping effect on the furnace, but has caused 
explosions by slips bringing large wet masses suddenly 
into highly-heated zones several feet lower down. 

Large Longe Ths opposite extreme is also objec- 
tionable, especially if the ores are refractory, either 
through their chemical or physical nature. In these 
days of rapid drive they travel down the furnace quicker 
than the gases and heat can properly penetrate them, 
and so reach the hegrth cooler inside than they ought 
to, and also imperfectly reduced ; both causes chilling 
the hearth. For this reason certain dense magnetic 
ores in large lumps, even though rich in iron and of 
splendid composition so far as impurities are concerned, 
are not nearly so good to smelt as ores of the peroxide 
ty. . which are much inferior to them chemically in 
these respects. The open-hearth process is an econo- 
mical means of reducing any such ores as regards fuel. 
‘The author has already described* trials he made on the 
use of ore of this type, in which, despite its richness, 
beyond a certain point the coke « ption t 
excessive and the make went down. It may be argued 
that large ores can be broken smaller, but many works 
have no provision for this, and where it is done by 
hand it is not always dependable. Besides, in either ease, 
there is the cost of breaking and the dust made to con- 
sider. In actual practice, if ores are sent out large, a 
great many large lumps do find their way to the furnaces 
in spite of arrangements to the contrary. 

* Rubble.” —There is little doubt that this size, say 
from 1 in. to 5 ins. diameter, cube or equivalent, is the 
ideal size for most ores, and that both larger and smaller 
are less favourable ; though, of course, the best size would 
vary somewhat with the size of the other materials, 
the character of the ores and their degree of refractoriness. 
The author haa always wished to see what would be the 
effect on make, coke economy, and smooth driving with 
a furnace run entirely on such sized material of all kinds. 
He is under the impression that, provided the plant 
were suitably laid out to deal with materials received 
with the minimum of handling, and everything larger 
than 5 ins. was broken, or smaller than, say, } in. 
briquetted or otherwise consolidated (without at the 
same time rendering it refractory), there would be benefits 
greatly outweighing the costs. 

Physical Condition.—Peroxide ores sufficiently porous 
for the gases to penetrate and reduce readily are the best, 
whilst very hard, dense, non- jus or permeable ores, 
particularly vitreous ssetetiiie, ‘each as siliceous mill 
cinder, tap cinder, scar, &c., are not reduced till they 
reach the hearth and dissolve in the slag bath, the bases 
combining with the silica and the iron oxides being 
reduced by solid carbon. Such materials, particularly 
of the ferrous silicate class, are very liable to suffer a 
further loss, especially if the slag be not sufficiently basic, 
because, the moment the tem ture of the hearth drops, 
a considerable proportion of the silicate passes unreduced 
out of the furnace, giving a black slag. In such condi- 
tions, with a burden containing tap cinder a good deal of 
phosphorus also passes out in the slag ; whilst the green 
slags, as when making ferro-magnanese, spiegel, or other 
manganiferous iron, due to manganous silicate, are 
another example, 


on 





Orner Cuemican Factors AFFECTING THE VALUE OF 
Orzs. 


A few indications may be given which generall 
hold good, but may in certain circumstances be modified. 
They illustrate also how the same ore may have several 
values, varying according to the type of iron for which it 
is used. 
Phosphorus.—Objectionable, of course, in ores required 
for the manufacture of low phosphorus iron, its absence 
being valuable in proportion as to whether a pig-iron of 
normal or extra purity, demanding a corresponding price, 
ean be produced, and how much less pure ore it will 
enable to be worked off. On the other hand, for iron such 
as basic Bessemer, where a minimum percentage is 
uired for the to be properly carried through, 
and where the slag is sold as a phosphate, it has a distinct 
value, and for pre. a an ore with, say, 0-10 per 
cent. (too impure for hematite), would not be as valuable 
as if it had, say, 1 per cent., although for basic m- 
hearth, if the slag were already unsaleable, it would be 
advantageous, less purification being necessary. 
Manganese.— Valued or objected to acco: to the 
t of iron to be made. For irons to be worked on acid 
linings it is objectionable, as it cuts these rapidly, and 
for certain ety | purposes where it is undesirable to 
make the iron too hard, as for ingot moulds, it is, beyond 
@ small amount, objectionable. On the other hand, for 
irons worked on basic linings it is harmless, and up to 
a certain amount—usually 1 to 1} per cent. for basic 
open-hearth where it is used, or higher, say, 24 per 
cent., for basic Bessemer—it is advantageous and 
facilitates proper working. As it is also useful for keeping 
the sulphur down, it is invaluable for both acid and basic 
, and for foun , so long as it is not 
hig h eno to be harmful on other accounts. The value 
as aff by these various points may be quite different 
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from that at which it is rated in ores for the manufacture 
of manganese alloys, as ferro-manganese, spiégel, silico- 
spiegel, &c. 

Carbonic Acid.—Objectionable. Apart from the cost 
of calcining when necessary, in materials used directly 
in the blast furnace, extra fuel has to be used to expel it, 
ori as already pointed out extra carbon is dissolved 

it. 

Silica.—Objectionable. Determined by the cost of 
limestone, smelting expenses (extra coke, &c.), and 
removal of extra slag above that usually present in the 
standard ore for the type of iron. It depends partly on 
whether it exists free, combined with lime or other foes 
or with ferrous or manganese oxide, &c. These costs 
do not necessarily correspond with the seale allowances 
usually made—in fact, these are often ridiculously 
inadequate and bear no fair proportion either for iron or 
silica to the true values. The effect of 1 owt. of silica 
at four basicities is shown further on. 

Lime, and lime equivalents within reasonable limits, are 
valuable according to how far they reduce the quantity 
of limestone needed, besides further value if the lime 
so needed is not associated with carbonic acid, the value 
on these counts being covered by the “silica fluxed,” 
“coke required,” and “‘slag matters produced” calcu- 
lation. There is, however, a still further value the 
more nearly an ore is self-fluxing, because of the greater 
tendency towards quick smelting ; as when once the iron 
is reduced the earthy matters have simply to melt, and 
not to arrive at and be dissolved in the slag bath. An 
objection to ores with a large excess of lime has been 
mentioned under the head of friability. 

Sulphur.—Objectionable beyond certain limits accord - 
ing to the class of pig-iron and slag being made. A good 
deal of misapprehension on this subject exists, however. 
For instance, there is generally enough sulphur present 
in the coke used if it all entered the pig-iron to give at 
least 1 per cent. But unless the basicity of the slag or 
the tem: ture of the hearth falls it does not enter the 
iron. The worst form of sulphur is pyrites, or sulphides, 
&c., in which the iron exists in actual contact with 
sulphur. Directly the iron is reduced the sulphur is 
ready to seize it, and once combined it cannot be readily 
decombined. If, however, the sulphur is present as 
sulphate in combination with lime, , &e., it is far 
less liable to be decomposed. The author had a very 
marked experience of this when a certain ironstone with 
a low pyrites content had to be superseded by other 
stones with higher pyrites contents, and nothing practic- 
able would get the sulphur down, although ores with 

igher sulphur, existing as sulphate, would readily yield 
a low sulphur iron. 

Zinc.—Objectionable, especially when 2 per cent. or 
3 per cent. is present, on account of the way zinc becomes 
volatilised and deposited in the downcomers and dust 
catchers, sometimes furring these up so as almost to 
close them, and in any event causing increased friction 
and hindering the free escape of the gases, and, by 
raising the back pressure at the top, checking the driving. 
Much zinc found in the gases is objectionable apart from 
the foregoing (especially if they are used unwashed), 
both at the stoves, boilers, &c. 

Arsenic is generally present in amounts giving from 
0-02 per cent. to 0-05 per cent. in the iron, and in these 
quantities has a negligible effect, beyond tending to 
make the phosphorus determination show too high 
when unsuitable analytical methods are used. When 


PS mame F higher, however, it becomes distinctly 
objectionable if the iron is to be used for steel-making, 
as, for inst it affects welding. Much the same 





considerations apply to antimony. 

Titanium, when present in large quantity in ores, 
renders the smelting more difficult. In small quan- 
tities it is frequently present, and many makes of 
hematite iron run from 0-1 per cent. to 0-40 per cent. 
This amount does not appear to be detrimental to the 
iron, but the effect on the phosphorus determinations, 
unless special precautions are taken, is to make them 
appear too low and so mislead the steel-maker, who 
finds steel made as ‘“‘ special low phosphorus quality ”’ 
showing higher than he expected. 

Copper.—In the small quantities copper is generally 
met with in iron ores, giving not more than hoe ow! 
cent, and usually much lower, it may be regarded 
as negligible or, in steel from such iron, for some 
Pp actually beneficial. 

romium and Nickel.—Certain ores contain these 
in small quantities, and as these oxides are probably 
only reduced by solid carbon they cause a slightly 
higher coke consumption, but they can only be re- 
Saag as having a beneficial effect on steel produced 
rom the iron. 

Uniformity of Composition and mechanical con- 
dition, apart from what these are, is by no means a 
negligible factor in the value of an ore. 

otash.—If present in — quantity may 
have to be taken into consideration with a view to 
its value for recovery. 


CoMMEROIAL Factors, 


There are other factors, some of them purely com- 
mercial, to which a value can only be assigned for a 
particular case and not in terms such as are generally 
applicable. Of these may be cited regularity and 
continuity of supply, the converse of which may con- 
siderably upset furnace working, whilst the manner of 
supply has already been referred to; the manner 
of payments and other financial arrangements, inci- 
dental sampling costs, &c., have likewise a bearing. 
These, however, are matters of which the commercial 
man may be trusted not to lose sight. 

Composition of the Natural Pig and Slag.—This from 
any icular ore whilst taken at a constant com- 
position corresponding to the standard type of pig 
as regards carbon, silicon, and sulphur will, of course, 
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frequently not correspond so far as the variable ele- 
ments, phosphorus, arsenic, manganese, iron, &c., 
are conce ; and may sometimes be of a composi- 
tion quite unsuitable by itself. Naturally in such a 
case it could only be used in the burden in such pro- 
portion that the average of the whole mixture gave 
the pig and slag required. Each constituent has its 
full effect in the proportion used. Credits or debits 
may, however, have to be given on these accounts ; 
as any extreme—such as 4 per cent. phosphorus in 
the pig or 30 per cent. alumina in the slag—from 
that , ore, may limit its general applicability 
or enhance its a in certain circumstances. Some 
ores may be suitable for two or more types of iron, 
but have different values for each. 

In order to keep down the length of the paper, it 
has been thought unnecessary to carry any example 
of valuation to its final money issue, as provided the 
different points enumerated are recognised and a 
value assigned for any special conditions affecting the 
particular works, the current prices and rates can 
be affixed and completed by the clerical staff. Al- 
though for the same reason this brief outline of the 
principles of valuation is necessarily incomplete, 
it will no doubt have sufficed to show that correct 
valuation is by no means the simple matter it might 
be thought, or suitable to be settled by mere bargaining 
and that there is a far better chance of buying or 
selling to advantage when the buyer has carefully 
worked out data to go upon. 

A study of the values of ores along the lines de- 
scribed reveals a number of interesting points, only a 
few of which can be touched on. One of the first is 
the almost startling differences in the values of 
various ores generally regarded as substantially equal, 
as, for instance, how rapidly an ore deteriorates in 
value as it becomes more siliceous. Thus one delivery 
of ore may be good value, and it may be quite bad 
business to use another of the same ore which is only 
‘‘a little worse.’’ As an instance may be cited 
ironstone from the same mine, delivered over different 
periods, and all sent at the same price as of equal 
quality, but of three degrees of cleanliness.* 

A point to note is that frequently a high-priced 
ore is really much cheaper than a tow priced one, 
whilst conversely a rich ore of a certain character 
may have much less value than one a good deal lower 
in iron but of another type. From the iron-maker’s 
point of view it is, further, generally uneconomical 
that dirty and shaly ores, or poorer seams, should 
be worked, owing to the excessive limestone and coke 
consumption necessary if the proper basicity of the 
slag is maintained ; whilst from the national need for 
fuel economy this deserves very serious attention, at 
any rate as regards cleaning such ores as much as 
possible. 

The introduction of 1 ewt. extra silica into the blast- 
furnace involves, by the time it has passed out as 
slag, the following :— 














For a slag basicity . . 2 1-8} 1+7 1-5 
Limestone required on 4-12) 38-68) 38-47) 3-04 
Coke required - - «+| 2°42) 2-2] 2-09) 1-86 
Extra ht to charge, apart from 

Lowe: tition ee ee --| 6°54) 5-88) 5-56) 4-90 
Slag produced se ys 8-47) 3-2] 8-09) 2-82 
Total solidstohandle ., 10-01; 9-08) 8-65) 7-72 
Blast required oe 12-10} 11-0 | 10-45) 9-30 

















The cost of the first example, apart from blast, at 
prices at the date of writing, is about 9s. One cwt. 
is 5 per cent. of a ton, so it can be seen how serious is 
5 per cent. more silica in a ton of ore of which 2 tons 
or 3 tons are required per ton of pig. The subject 
of the very great effect of impurities thus opens up a 
larger question than that of merely buying and selling 
to advantage. 

Many of the native stones are not sold in open 
market but owned by iron-makers, and if they, by 
careful loading or cleaning, minimise the impurities, 
op get the full money value with certainty, whereas 
if they were selling they would have to persuade the 
buyer to give the extra price. The author pointed 
out at a meeting in 1907 of the Cleveland Institution 
of Engineers how uneconomical it was even then, 
with cheap coke and limestone, to bring away dirt 
from the mines, and from this point of view—whilst, 
of course, not presuming criticism of its correctness 
in law—a judgment given a few months ago in favour 
of material being filled in the mines with shovels 
instead of gripes seems amazing, seeing that the small 
so picked up (whether of coal or ironstone) is almost 
invariably higher in siliceous and slag-forming matters, 
and entails, as shown, a disproportionately large coke 
consumption, and hence waste of fuel. In general, 
economic considerations for the nation’s welfare the 
effect of any given course should be looked at not 
only from the point of view of one stage, but from the 
ore and fuel in the mine to the ingots or even to a 
still further worked-up product. If equity towards 





* This was in 1904 and early in 1905, and the 
author was very pleased when his own experience 
was entirely confirmed in a Be sa! by the late Mr. 
T. C. Hutchinson, “The Mechanical Cleaning of 
Iron Ores,” Journal of the Iron and Steel Institute, 
1908, No. III; see icularly Tables IV and IX, 
pages 44 and 49. This was again confirmed by his 
ten years’ experience given his further paper, 


“Fuel Economy in Blast Furnaces,” ibid., 1918, No. I, 
Page 128. 








the miners necessitates the course mentioned, equit; 
towards the iron-maker, as well as the national pom | 
for fuel economy, demands that any shaley or other 
siliceous which can easily be separated and 
avoided should be dealt with in some manner other 
than charging them into blast-furnaces, occasioning 
waste of transport, fuel, labour, &c. 

This consideration, coupled with the number of ores 
which contain much dust, or crush readily, and also 
the fact that the ores richest in iron are magnetic 
(which whilst not reducible economically by carbon 
monoxide in the upper part of the furnace, yet require 
for direct reduction by solid carbon less than peroxide, 
viz., only eight-ninths), raises the question whether 
the most economical method of removing impurities 
and reducing iron will continue for long to be the blast- 
furnace ; or whether some other method will supplant 
it, such as grinding and yeeyns @ pneumatic, 
magnetic, or analogous method, the purified dust be 
reduced by a direct process with the consumption of 
little more than a third of the carbon at present 
required, the necessary heat being supplied by cheap 
electricity—possibly from power genera in large 
central stations from the combustion of the rer 
and small varieties of coal, at present of little value. 

When, if ever, such a state of things arrives, quite 
possibly the necessity for working seven days a week 
may cease. However visionary this = | appear, a 
study of these blast-furnace reactions and all that is 
ree Me | in the treatment of impure ores is well worth 
careful consideration. 


There are many other questions it would have been | 


interesting to touch on, such as the ready applicability 
of the system described to burdening, and rapidly 
gauging the effect all through of the substitution of one 
ay another, the importance of more exact calcina- 
tion of raw stones of the ferrous carbonate type, so 
as to avoid the detrimental effects both of raw stone 
and scar, and the very great practical effect of small 
losses of heat in the hearth on the coke consumption 
and product. These, however, would unduly lengthen 
the paper. 

The author, in conclusion, acknowledges the help 
which the late Sir Lowthian Bell’s book, “*‘ The Prin- 
ciples of the Manufacture of Iron and Steel,”’ was 
to him in his early studies of these subjects, also the 
work of Mr. H. E. Wright and Mr. W. Wilson in con- 
nection with the earlier calqulations, which later, 
had been carried on by Mr. C. Wilkinson, all of whom 
he has been fortunate to have had for assistants in 
the past. 





“THE PERFORMANCE OF MECHANICAL 
STOKERS.” 
To THE Eprror oF ENGINEERING. 

Srz,—With regard to the letter of Mr. C. Percy Taylor, 
on 590 of your issue of April 30, the method he 
descri of testing the various appliances, including 
mechanical stokers, on the market, is eminently sensible 
and practicable. There is no doubt that on small 
boiler plants of one or two “Lancashire” boilers, 
chimney draught, economisers, superheaters and hand- 
firing, under good conditions, will require a lot of beating 
with average quality coal. Each boiler plant must, 
however, be considered entirely on its merits and hardly 
~ two boiler plants are alike. 

t is really most amazing how “ patent” appliances of 
every description, many of them of the craziest and 
most im ble design, find a mney sale among steam 
users. These appliances are installed with hardly the 
slightest investigation, and almost invariably no proper 
records are kept as to their performance. There seems 
to be no end to the supply of such “aids” to coal 
economy, although certainly within the last few years the 
number of mysterious boiler compositions seems to have 
slackened off. 

In my opinion, Mr. Taylor is quite correct in pointing 
out that the small boiler plant will always be with us. 
Advocates of the super-power station scheme coolly 
ignore the fact that probably, 15,000,000 tons to 
20,000,000 tons of coal is burnt per annum under boiler 
plants for low-pressure steam alone. In many industries 
such as bleaching, dyeing, finishing, brewing, chemical 
of almost every description, and so on, the 
amount of steam pu i tf for power is a a small pro- 
portion of the total steam demand. The question, 
therefore, of a national power supply is of little or no 
direct importance to all these industries, and it is essential 
that their boiler plants should be brought up to date. 
Yours faithfully, 


Manchester, May 3, 1920. D. Brownie. 








GENERAL CONDITIONS IN ENGINEERING 
CONTRACTS. 


To tHe Eprror or ENGINEERING. — 
Srmm,—I wish to thank your reviewer for his helpful 


criticism of my book ‘ General Conditions in Engineering Sir 


Contracts ”’ ril 16, 1920). Should op unity ocour 
advantage will be taken of several of his suggestions. 
I t, however, that he thought the quotation from 


Lo Chelmsford’s judgment in Thorn v. Mayer of 








ee ee ee contract price was 
ly paid and also the cost of extra wort "ental 


necessary by the alteration, but the contractors, in effeot, 
recover compensation for loss of 
time and labour in his abortive attempt to carry out 
This the Court refused to give on the 
no warranty on the defendant’s 
could be out as po gare 
the contractor to examine t jans 
& competent person to examine them. 
argument that it was the usage of con- 
tractors to rely on the specification and not to examine 
it particularly for themselves. It is this which Lord 

rd characterised as ‘‘ an usage of blind confidence 
of the most unreasonable description.” Mr. Hudson, 
in his work on “ Building Contracts,” states the law 
thus: ‘The duty of contractors is to see for themselves 
if they can orm the work or not, and if they rely on 
the skill of the engineer employed by the building owner 
or employer they must do so at their own risk.” 

It is possible to argue that the law should be altered 
or to contract out of it so far as may be, but I do not 
think I have mis-stated it. 

I am, Sir, yours one: 


the duty of 
or to em 7A 
id 


. 5. Kennepy. 
Harcourt Buildings, Temple, E.C., April 28, 1920. 








University or Lonpon, Untverstry Coniron, 
weer my a. — =. No 

ngi' i jiety, versit; , will on 
Tolchigy tho Suk tans., as Pinssntie, aptenemmty.o8 
7p.m. Any past members wishing to be present should 
ean with the Dinner Secretary, Gower-street, 


Department oF SorENTIFIO AND INDUSTRIAL 
Resgarcn.—The list dated April 1, of Research 
Associations which have been approved ey depart - 
ment as complying with the conditions laid down in 
the Government scheme for the encouragement of 
industrial research and have received licences from the 
Board of Trade under Section 20 of the Com ies’ 
(Consolidation) Act of 1908, include: The British Iron 
Manufacturers’ Research Association, Atlantic Chambers, 
Brazennose-street, Manchester (secretary, Mr. H. 8. 
Knowles); the Research Association of British Motor 
and Allied Manufacturers, 39, St. James’s-street, London, 
5.W. 1 (secretary, Mr. Horacé Wyatt); the British 
Portland Cement Research Association, 6, Lioyd’s- 
avenue, London, E.C. 3 (secretary, Mr. 8. G. 8. Panisset, 
A.C.G.L, F.C.8.); the British Scientific Instrument 
Research Association, 26, Ruassell-equare, W.C. 1 
(secretary, Mr. J. W. Williamson, B.So.); the Research 
Association of British Rubber and Tyre Manufacturers, 
care of Mesars. W. B, Peat and Co., 11, Ironmonger-lane, 
E.C. 2; the Glass Research Association, 50, ford - 
square, W.C. 2 (secretary, Mr. E. Quine, B.Sc.) ; and the 
British Non-Ferrous Metals Research Association, 29, 
Paradise-street, Birmingham (secretary, Mr. E. A. Smith, 
A.R.8.M., M.Inst.M.M.). 





Tue Institution or Crvrm Enotngeers.—The Council 
of the Institution of Civil Engineers have made the 
following awards for papers read and discussed d 
the on 1919-20: Telford gold medals and Telfo 
premiums to Mr. David Lyell, C.M.G., C,B.E., D.8.0. 
(London); Mr. J. K. Robertson (London), and Major- 
General Sir Gerard M. Heath, K.C.M.G., C.B., D.8.0., 
R.E. (London); a George Stephenson gold medal and 
a Telford mium to Mr. Maurice F. Wilson (London) ; 
a Watt gold medal and a Telford jum to Mr. P, M. 
Crosthwaite, B.A.I. (London); Telford miums to 
Major E. O. Henrici, R.E. (London), Sir Francis J, E. 
Spring, K.C.I.E., M.A.I, (London), Mr. F. O. Stanford, 
OBE (London), Mr. James Mitchell (Hursley), Mr. J. W. 
Sandeman (Newcastle-on-Tyne), and Mr. A. R. Fulton, 
D.Se, (Dundee). At the annual general meeting of the 
Institution, held on Tuesday, April 27, the result of 
the ballot for the election of officers for the year 1920-21 
was declared as follows: President: Mr. John A. Brodie, 
M.Eng. (Liverpool) ; Vice-Presidents : Mr. W. B. Worth- 
ington, B.Sc. (London), Dr. W. H. Maw (London), 
Mr. Charles L. Morgan, C.B.E. (London), Mr. Basil 
Mott, C.B. (London); other Members of Council : 
Mr. E. A. 8. Bell, C.L.E., F.C.H. (India), Dr. C. C. 
Carpenter, C.B.E. (London), Colonel R. E. B. Crompton, 

. Maurice Deacon (Matlock), Sir 

Bart. (Dumbarton), Sir William H. 
Ellis, G.B.E., D.Eng. (Sheffield), Mr. Albert Gordon, 
M.A.I. (Dublin), Mr. W. W. Grierson, O.B.E, (London), 
Robert A. Hadfield, Bart., D.Sc., D.Met., F.R.S. 
(London), Sir Brodie H. Henderson, K.C.M.G., C.B. 
London), Mr. E. P. Hill (London), Mr. G. W. Humphreys, 

.B.E. (London), Mr. Summers Hunter, C.B.E. — 
mouth), Mr. H. G. Kelley (Canada), Mr. C. R. 8. - 


London was misleading. Whether that case was rightly trick (London), Mr. James Marchbanks (New Zealand), 
decided by the House of Lords [I.A.C. 120] or not, it . H, H. G. Mitchell (India), 7 er Vice-Admiral 
settled law and though Lord Chelmsford’s words are| Sir Henry J. Oram, K.C.B., F.R.5S, (R ck), Mr. 
strong they sum up, not unfairly, the decision. The} Frederick Palmer, C.1.E. (London), Captain H. Riall 
headnote runs : “Where and a specification for preg 0.B., C.B.E., R.E. (ret ) (London), Sir 
the execution of a certain work are p' for the use| John F. ©. Snell (London), Mr. W. A. P. Tait, B.So. 
of those who are asked to tender for its execution the Mr. A. M i (South Africa), 


person asking for tenders does not enter into any implied 
warranty that io oe 990 be s . ome 

according to such specification.” case 
the plans and specification showed that @ bridge was to 





a s vem 

Mer, E. F. %. Trench, M.A., B.A.I. (London), Professor 

W. H. Warren (Australia), Sir Alfred F. Yarrow, Bart. 
indhead). This council will take office on the first 





). 
y in November, 1920, 
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;THE CERAMIC SOCIETY. 

Tae Refractory Materials Section of this society 
held their seventh meeting on April 28 and 29, at the 
Central School of Science and Technology, Stoke-on- 
Trent. The president, Sir W. J. Jones, occupied the 
chair, and the attendance of members was very large. 

The papers read on the first morning included 
“ Carboniferous Grits of Denbighshire and Flintshire,” 

T. A. Acton, F.S.A., F.G.8., “The Refractory 

terials of the North Staffordshire District,” by 
Dr. A. Scott, and “The Analysis of Zirconium 
Minerals,” by H. V. Thompson, M.A. Sir W. J. Jones 
then exhibited and explained the construction of a 
high-pressure oil burner from a glass works. The 
burner was invented by Mr. Stevens, and was worked 
with a 50 per cent. mixture of creosote and pitch. 
The oil was introduced to the burner by a drip feeder, 
from a storage tank placed 10 ft. above the burner, 
at a temperature of 100 deg. F. (maintained by low- 
pressure steam). The-oil was atomised, and at the 
same time air was sucked in. On the front of the 
burner was an annulus, which received air at the same 
pressure, and this prevented the atomised oil from 
spreading too quickly. A single burner sufficed to heat 
a furnace 14 ft. by 8 ft. by 4 ft. deep (or more), in which 
were eight glass pots. Very uniform and very efficient 
heating resulted ; the plaining temperature of the glass 
being 1,500 deg. C. About 16-8 gallons of oil per 
hour were consumed, It was suggested that such 
burners might answer well for heating gas retorts, 
frit kilns, and kilns for calcining flint. The great 
trouble at present is the enormous cost of liquid fuel 
of any kind, 

In the afternoon the papers were “ Note on the 
Influence of Grog in Admixture with Clay,” by W. C. 
Hancock, B.A.; ‘“ The Corrosion of Coke-Oven 
Wallis, Il. The Action of Salt on Silica and Fireclay 
Bricks,” by W. J. Rees ; ‘‘ Fused Artificial Sillimanite,” 
by A. Malinovszky; and “ Psychological versus 
Scientific Management,” by Dr. 0. 8. Myers. We 
subjoin abstracts of some of the papers : 


Carboniferous Grits of Denbighshire and Flintshire. 
By T. A. Aoron, F.8.A., F.G.S. 
The carboniferous limestone and overlying Cefn y 


Fedw sandstones in Eastern Denbighshire and Flint- 
shire occupy an area about 55 miles long and 2 miles 
to 5 miles wide, stretching south from the Point of Ayr 
and Rhyl, by Holywell, Flint, Mold, Minera (west of 
Wrexham), Trevor (east of Llangollen), Chirk, to end 
eer tm at Llanymynech (south-west of Oswestry), 
overlooking the Shropshire triassic plain. It forms the 
western edge of the North Wales coalfield. The only 
serious disturbance is the great Bala fault, which at 
Llandegla divides the Flintshire and Denbighshire 


coalfields. 

The late G. H. Morton (of Liverpool) first pointed out 
that the rocks then called millstone grits of North 
Wales included the millstone grit and the Yoredale 
rocks of Staffordshire, Derbyshire and Yorkshire. This 
view is confirmed by the recently published memoir 
of the Geological Survey, which states that the greater 
part of the Cefn y Fedw sandstone is probably older 
than the millstone grit of Derbyshire, and is a local 
development of contusions on the top of the carboni- 
ferous limestone series. Cefn y Fedw forms the summit, 
about 1,650 ft. above sea level, of the moorlands above 
the Eglwyseg rocks north of Llangollen, The average 
thickness of the grits is about 750 ft. 

In the Midland plain of England, to which these 
Welsh rocks seem to be connected, the carboniferous 
beds are largely concealed by newer deposits. On the 
western margin of the plain they crop out in a narrow 
-— the old rocks of the Welsh hinterland. 
In Derbyshire, due east of the Dee, the carboniferous 
limestone is in places 2,000.ft. thick. In North Wales 
the average thickness ie about 1,100 ft. Thus the 
carboniferous sea probably overspread Derbyshire 
from the south before it reached North Wales. 

In the Dyserth, Flint, Holywell and Halkyn district 
the chert beds are a marked feature, and about Holywell 
and Halkyn the cherts, grits and upper and middle 
limestones are rich in mineral veins (ga and a 
The chert has been worked in several places to furni 
blocks for grinding mills in the Potteries. Some of 
these chert beds were undoubtedly limestones originally, 
but silica has replaced carbonate of lime 

The lithological features of the limestones all over 
the district are fairly uniform and best developed 
about Llangollen. Mr, Morton gives them as :— 


Feet, 
Sandy limestone... nes 75 
Upper grey limestone .... 300 
Upper white limestone .... 300 
Lower white limestone ... 210 
Lower brown limestone 180 


Both the limestones and the Cefn y Fedw sandstones 
contain beds of shale. 
The sandy limestone is the lowest subdivision of 





the Cefn y Fedw series. It is rich in silica, and is 
usually a sandstone; it contains numerous 
tossils, <r encrinite stems. The lower sandstone 
is very hard, and contains no carbonate of lime. 
Sometimes it forms conglomerates. 

Cambria clay is a white clay with 80 per cent. silica 
and practically no iron. It is found in pockets and 
fissures of limestone in the Halkyn, Mold and Minera 
district. This clay seems to have been brought in by 
underground streams. The white colour may be 
due to washing from marshy spots, the vegetable 
acids dissolved in the water having removed the iron 
and other impurities. 

In the Gresford district, in the unproductive upper 
coal measures, the series of red, grey and green ix. 
with red and grey sandstones, make their first appear- 
ance, and south of Wrexham and on to Ruabon, and 
along the Dee Valley south-east therefrom, develop 
into a great thickness of red sandstones and red marks, 
which contain the well-known Ruabon red marks 
worked as terra cotta clays. 


The Refractory Materials of the North Staffordshire 
District. 


By Dr. A. Scorr. 


Silica refractories are found mainly in the Pendleside 
series, which includes several seams of “ ganister” or 
“ crowstones.” having a thickness up to 6 ft. They 


include three types : (a) Hard grey rock like that of the 


Sheffield district, containing 95 per cent. to 97 per cent. | 


silica, and with refractory test cone 33 to 35; (b) very 
hard blue rock, with over 97 per cent. silica, and 
refractory test over cone 35; (c) silicified sandstones 
of less hardness, with 92 per cent. to 96 per cent. silica, 
and refractory test cone 30 to 35. Microscopic 
examination shows quartz grains surrounded by 
thin cementing layers of secondary silica. In some 
cases secondary silica is in optical continuity with 
quartz. Sometimes the cement is crystalline inter- 
stitial quartz. Felspar is rare, but occasional heavy 
detrital minerals are common. 

They are found under the grits along Congleton 
Edge (from Mow Cop northwards)—at least six different 
beds have been worked. These are intercalated with 
shales containing typical Pendleside fossils. Also 
in Lask Edge, between Biddulph Valley and Rudyard. 
There is a large development to the north of the River 
Dane at Bosley Minn, and northwards to Macclesfield. 
Also north-west of Leek at Gun End, &c. In the coal 
measures, ganister which is the stratigraphical equiva- 
lent of the Sheffield hard bed ganister occurs under the 
Crabtree coal in the Churnet Valley, but north-west it 
tends to pass into fireclay. On Metley Moor the 
underbed is now refractory white plastic clay. 

Silicious materials in the form of sands and clays are 
found in pockets in North Staffordshire and Derbyshire. 
These originate almost certainly from old river deposits. 
Similar material found recently probably represents 
large swallow-hole. The millstone grit is characterised 
by a high percentage of felspar, and also contains 
barytes. Such material used for pottery is liable 
to develop “blue specks,” the cobalt stain being 

ted in the baryta. The local fireclays (or 
“marls”) are somewhat silicious, and not very re- 
fractory, though sufficiently so for most local purposes. 


The Analysis of Zirconium Minerals. 
By H. V. Tompson, M.A. 


In this paper the author points out that in practice 
two difficulties are encountered; the opening up of 
raw zirconium ores, and their products is by no means 
easy, and separation of aluminium from zirconium 
is not easy. e first of these difficulties is overcome 
by the use of sodium peroxide, which when fused with 
zirconium minerals opens them up rapidly and com- 
pletely. Incidentally this treatment facilitates the 
solution of the second difficulty, for after the action 
of water on the mass, and filtering, all the alumina 
with some silica is found in the filtrate, whilst all 
the iron, titanium and zirconium oxides, with the rest 
of the silica, are present in the residue. The other 


determinations necessary present no special difficulty. 


Note on the Influence of Grog in Admizture with Clay. 
By W. C. Hawnooox, B.A. 

In this note Mr. Hancock recalls that the general 
effects of addition of grog to plastic clays, as is well 
known, include reduction of air i and fire- 
shrinkage, inerease in rate of drying, reduction of 
tendency, and often uction of tensile 
and increase in —— The quantitative 

ies depend on the grain size of 
proportion added. 





briquettes. The plastic Stourbridge fireclay used is 
ground to pass a sieve of 30 meshes to the linear inch, 
and mixed with water until apparently in proper 
working condition. After the moistened mass 

matured for a time, the test-pieces are moulded and 
weighed at once, then left to dry in the air, and weighed 
after being some time in a hot-air oven at 105° C. 
The difference between these weights gives the amount 
of tempering water. The grog was made by firing 
some of the same clay until thoroughly shrunk, then 
crushing and sieving. The portion which passed a 
sieve with }-in. om and was retained by a sieve 
with j,-in. meshes was used for making the test- 

jieces. 

The following shows results (taken more or less at 
random) of tests made on blocks of neat clay and of a 
mixture containing 80 clay to 20 grog. The percentages 
of water are calculated on the weights of the blocks 
after drying at 105° C., and the percentage shrinkages 
on the original wet lengths, the fire-shrinkages being 
the total contraction from the wet length after firing 
to about 1,200° C. 





| Neat Clay. 

















Clay 80 : Grog 20. 
‘Rien BOM TAT ree 
Student. | 1 Shrinkage. | | Shrinkage. 
| Mette.) oS creer 7 
Air. | Fire. | Air Fire. 
No. 1 19-1 5-6 8-0 18-8 4-0 5-4 
No. 2 17-7 5-7 _— 15-0 — —_ 
No. 3 16-8 5-4 7-8 17-0 4-4 4°9 
No. 4 18-0 -— --+ 17-7 — — 
No. 5 18-3 5-5 8-5 16-6 3-0 4-2 
No. 6 19-4 5-5 8-1 16-0 4-2 _— 
No.7 19-8 5-1 — 15-3 — — 
No. 8 19-0 5-2 8-7 16°5 3-4 5-4 
--| 18°56 5-4 8-2 16-6 3-8 5-0 




















The corresponding percentages of water in the tensile 
strength briquettes were 18-4 in the neat clay and 16-8 
in the clay-grog pieces. Though too much reliance 
cannot be attached to the results, the tensile strength 
obtained were :— 


Unfired.—Neat clay, 120 lb. per square inch. 
Fired—Neat clay, 960 lb. per square inch. 
Unfired.—Clay-grog, 60 Ib. per square inch. 
Fired.—Clay-grog, 400 lb. per square inch. 


Other series of test-pieces were made up with a view 
to ascertaining how the proportion and grading of the 
grog affected the amount of tempering water. . The 
following results were obtained :— ~j 








Shrinkage. 
— | ame pom 
Air. Fire. 
per cent. 

Neat clay .. - F 18-5 5-25 8-20 
Clay 90 : grog 10 (} in. to yin.) 17-3 4°47 7-25 
Clay 80 : grog 20 (¢ in. to /, in.) 16-6 3-33 5-46 
Clay 70 : grog 30 (% in. to y, in.) 15-0 3-08 4-17 
Guay 00 ree wore in, to yy in.) 17-5 3-93 6-05 
Clay 60 : grog 40 (,, in. to ,), in.) 15-9 3-24 3-97 











These tests were all made by the same observer, 
and the figures are the mean results of a number of 
test-pieces in each series. 

The amount of tempering water clearly decreases 
as the grog (ofa particular grade) increases, but the 
amount of water increases with finer grained grog. 

As regards distribution of the water between clay 
and grog, it was assumed that the clay would take up 
@ proportionate amount of that taken up by neat clay ; 
thus if dry clay takes up 18-5 per cent. water to bring 
it into proper workable condition, the clay in a mixture 
of 90 clay to 10 grog would take up 90 per cent. of 18-5, 
or 16-65 per cent. of water; the difference between 
this and the actual amount required would, of course, 
go to the grog. Applying this method of calculation 
to the previous results, the following values are 
obtained :— 














Per- 
Water Water | centage 
— Total | in in of 
Water. Clay. Grog. Water 
in Grog 
—_ 
a , IRS Mice el re =. 
ye ea | 17-8. |. 16-65 | 0-65 6-5 
Clay 80 : grog 20 (3 in. to 
y - eee 16-6 14-80 1-80 9-0 
Clay 70 : grog 30 : 
y bb) we @ «-| 15-0 12-95 2-05 6-8 
Clay 80 : 20 in. é 
t> dy in. aie 17-5 14-8 2-7 13°5 
Clay 60: 40 
te gs in) te -«| 15°9 11-4 4-8 12-0 











The same method of calculation was applied to 
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results of other experiments carried out for quite a 
different purpose, using the same clay and grog, all 
being done very carefully by the same observer. The 
grog, however, was of ‘three (includingtthe two 
grades as above) shown - following : Fine. All 
passed a 30-mesh sieve, but was retained by a 60-mesh. 
B. Medium, y,-in. to y,-im. as before. C. Coarse, 
i-in. to p,-in. as before. The results were :— 

















water | water | centage 
ater ater | cen’ 
Total. in in of 
Water. Clay. Grog. Water 
in Grog. 
Neat clay .. “> 18-0 — — — 
Clay 80 : grog A20 21-0 14-4 6-6 33-00 
Clay 60: grog A40 20-0 10-8 9-2 23-00 
Clay 80 : grog B20 20-1 14-4 5-7 28-50 
Clay 60 : grog B40 18-0 10-8 7-2 18-00 
Clay 80 : grog C20 19°4 14-4 5-0 25-00 
Clay 60 : grog C40 14-9 10-8 4-1 10°25 








Again, the finer the grog the more water attached 
to it, but for the same grade the amount of water seems 
to diminish as ratio of grog to clay increases. 
author accounts for the discrepancy by stating that 
the mass from which the test-pieces showing the 
larger amounts of water were made was much better 
rugged, and stored much longer before working. 


(To be continued.) 





INDUSTRIAL NOTES. 

AccorpDInGc to The Board of Trade Journal the coal 
output for the week ended April 17 was 4,833,072 tons. 
In reply to questions by Mr. Lambert and Colonel 
Newman in the House of Commons, Mr. Bridgeman, 
Parliamentary Secretary to the Board of Trade, said 
that the cost of wages per ton of coal raised at the pit’s 
mouth was 6s. 4-Old. in 1913 and 18s. 7-68d. in 1919; 
the number of persons employed in the industry were 
1,110,884 in 1913 and 1,163,000 in 1919, and the output 
per person (above and below ground) was 259 tons for 
1913 and 1974 tons for 1919. The cost approximately 
of the recent increase in wages was estimated to be 
31,500,000/., apart from certain incidental and conse- 
quential increases. 





Speaking at the twenty-first ordinary general meeting 
of Messrs. Fairbairn, Lawson, Combe Barbour, Limited, 
held in London on the 28th ult., Mr. J. Campbell Inglis, 
the chairman, said: “ No one can say what will be 
the end of the continual rises in the cost of labour, 
but I must again remind you that there is a limit to 
what the consumer will pay. The price of our 
machinery has risen to a very high level, and we have 
to face, not only the possibility of reduced demand, 
but also that of increased competition. Let us not 
forget that there are other countries capable of pro- 
ducing machinery who will be only too glad of the 
opportunity of annexing our trade. You may ask 
what is the remedy. It is easy to reply, ‘“‘ Increase the 
output,” but how is that to bedone ? We say emphati- 
cally that the only effective system is one of payment 
by results. We are willing to pay liberally for increased 
production and to introduce every possible safeguard 
forthe men. I know that there is a feeling of suspicion 
among the men that the moment a system of payment 
by results shows good results for the men the employers 
seek to revise the system to the detriment of the men. 
They need have no such fear, for it. is an essential 
feature of the conditions proposed by our federation 
that no such change shall be capriciously made, but 
must be justified by changes of method. The federation 
is doing its best to secure freedom for employers to 
introduce systems of payment by results, and the 
question is now being ballotted on by the engineering 
unions. It is only by increased production that our 
country can return to its former condition of financial 
stability, that the cost of living can be reduced, and that 
the pound sterling can escape from the discredit of its 
present depreciation in exchange.” 





The question of payment by results was also referred 
to by Sir Charles E. Ellis, chairman of the English 
Electric Company, Limited, at the first ordinary 
general meeting of the company held in London on the 
same day. Sir Charles also alluded to the effects of 
the recent moulders’ strike, and stated: “. . . 
There are certain indications that the eur eers between 
employers and emplo are becoming strained. 
The disturbance wikok gaite naturally resulted from the 
rapid demobilisation of so many workmen from the 
Army, and the quite natural anxieties of the trade 
unions concerning their post-war working conditions 
are being slowly, but I feel nevertheless surely, over- 
come, and the recent decision of the National F tion 
of General Workers to accept payment by results, 
together with the agreement of the Amalgamated 
Society of Engineers to subject this question to a ballot 
of its members, are favourable portents for the future, 








While, therefore, for the next year or so the position 


cannot be free from anxiety, I believe that the more 
moderate elements of labour show indications of their 
willingness to poepamte with us, provided they can see 
a fair and reasonable basis for compromise. is is a 
general outline of the activities at home, and generally 
speaking, the year has been mainly devoted to the 
consolidation and organisation of the different units. 
It is believed that for the most part this has now been 
accomplished, although much has yet to be done in 
detail. During last year very little real production of 


electrical and allied apparatus took place. The earlier | kn 


part of the year was devoted to rearrangement of shops 
and remodelling in design, and we were just getting 
on to a producing basis when the unfortunate strike 
of moulders found us with none of the stocks of our raw 
material which would have been available in normal 
times, and therefore we were under the necessity of 
immediately reducing output by in some cases discharge 
of employees and in others the working of short hours. 
The effect still remains even after 13 weeks since the 
settlement. We are perhaps more fortunate than some 
in that we have three excellent foundries in our group, 


The | but they are handicapped by the shorter hours worked 


and the fact that piecework arrangements have not 
been yet agreed to. The importance of this question 
cannot be over-estimated, as the engineering output 
of the country is at present limited by its foundry 
capacity. . .” 





The Executive of the National Federation of General 
Workers met last Friday, under the chairmanship of 
Mr. J. R. Clynes, to complete the arrangements for the 
ballot of 100,000 gas workers throughout the country 
on the question of striking to enforce the claim for an 
increase in wages of 10s. per week, overtime, and annual 
holidays. It was decided that the ballot papers should 
go out as soon as possible and be returnable 
to the federation by the 18th inst. The executive will 
meet on the following day to consider the result and 
take the necessary action. The papers will contain a 
statement of the issue setting forth the claim and the 
ee pe reply, and the men will be asked to state 
“Yes” or “ No” on the question as to whether they 
are in favour of tendering notices to cease work. In the 
event of the ballot showing a majority for a strike, the 
executive will arrange for notice to be given for a 
cessation of work on a general date at all undertakings 
involved. 

It is stated that the employers are about to issue 
a statement of the case from their point of view, giving 
facts and figures of the financial position of the industry 
and of various undertakings. 





Speaking in London last Friday, Mr. C. T. Cramp, 
Industrial Secretary of the National Union of Railway- 
men, said that the railwaymen’s present demand 
for a flat-rate increase of 11. per week must be satisfied. 
He wanted to make it clear to those who had not had 
the opportunity of thoroughly grasping the reason for 
the demand that the settlement arrived at this year 
could in no way be regarded as a final settlement. 
It was to be regarded as something accepted under 

ressure and under protest. They had to choose 
tween accepting that settlement or again throwing 
the country into a state of chaos. They accepted it at 
the time because it contained principles which were 
good and which might be improved upon. But it was 
in no sense a finality. That being established the 
executive then said: “Now is the time when we 
should launch a further movement, not merely to kee 
up with the cost of living, but to raise the standard of 
the basic rates of all railwaymen.” They were now 
being told that because the settlement was only recently 
arrived at it was the desire of the railwaymen to throw 
the settlement overboard. It was nothing of the kind. 
It was a reaffirmation of the railwaymen’s demand to 
be raised to a higher status in the industrial population. 
A mixed commission having agreed that the minimum 
rate for dockers was to be 16s. per day, surely they 
were not going to say that the railwaymen were not 
entitled to a 1l. more a week. 

As will be noticed, Mr. Cramp’s above remarks 
are similar to those he made on a former occasion, as 
— on page 510 ante. 

Central (Railway) Wages Board met at the 
Hotel, St. Pancras, last Tuesday, to 
consider the ag ttn claims, and at the close of 





Mr: J. H. Thomas, M.P., addressing a meeting 


P | an , from June 21 to 25 next. 


railwaymen at Derby last Sunday, said there was 
unrest in the railway world, and this was to 
continue whilst no regard was shown to the relationship 
of one industry to another in reference to pay. There 
was, however, i to deal with the matter, 
without either prejudice or intimidation. Recently, 
he added, a section of the press went out of its way 
to prejudice the question, and he protested in the 
interests of the men. At the present time, Mr. Thomas 
further stated, attempts were made by a certain 
section of the men to introduce a new economic weapon, 

own as the “slow gear” or “ working to rule.” 
He frankly admitted that there were many rules in the 
railway service to-day that were either obsolete or 
— amending, but why not demand a revision of 
those rules? Why not clearly put forward the 
Py ow. to them, and the public would at least be 
ab recognise the justice of the claim. What will 
be the effect if this new policy is carried in operation, 
and who will suffer ? heel no hendishion tm onvt 
that the first to suffer would be the workers themselves. 
“Do not let us minimise,” Mr. Thomas stated, “ the 
need of good, swift and efficient transport which at 
this moment is more essential than ever. Do those 
who advocate such a policy realise that it is the one 
certain method of r increasing the cost of living. 
And who is it directed against ? Not the railway 
companies—they are guaranteed and will not suffer 
a loss whatever the consequences. Not the Govern- 
ment—they can call upon the taxpayers to make up any 
loss. It is nothing short of a war on the community, 
and has all the elements of poison gas.” 





Mr. T. Richards, M.P., general secretary of the 
South Wales Miners’ Federation, addressed a meeting 
of miners at Aberdare last Saturday and stated that 
federation matters could not be made subservient to 
the Irish and Russian questions, important as these 
were. There were individuals who were out to destroy 
the federation and to declare themselves, if they 
succeeded, masters of the situation without offering 
any organisation in substitution. Law and order were 
ee for the success of any trade organisation, 
and, if the extremists prevailed, this country would be 
seething with the chaos and suffering which prevailed in 
Russia. He advised the meeting carefully to watch 
such individuals and not only to appoint their leaders 
themselves, but to tell them what todo. As long as he 
had breath he would protest against the action of these 
young men who, regarding democracy as too dull and 
too slow, were out to wreck all that was constitutional 
in this country. 





A meeting was held last Monday at the Guildhall, 
the Lord Mayor ge ing, in support of the Housing 
Bonds scheme. the absence of the Prime Minister 
through illness, Mr. Bonar Law addressed the meeting, 
and stated that schemes for 180,000 houses and tenders 
for over 100,000 had been finally approved; work 
was in progress on 30,000 houses. , however, 
was being hindered for want of financial means, and 
the appeal was made to local authorities to stimulate 
local patriotism and local feeling and, to the utmost 
extent to which that was possible, to secure local 
financial assistance in carrying out the scheme and 
make this a complete success. 





IncorroraTeD MunicrpaL ELECTRICAL ASSOCIATION. 
—This association has issued a e for the 
-fifth annual convention to eld at Bradford 
Further informa- 
tion can be obtained from the Secretary, Electricity 
Works, Factory-lane, Croydon. 


Tue Socrery or Enorneers (Incorporated).—A paper 
on “The Assessment to the Poor Rate of 
U i ” was read before the Society on the 
3rd inst., by Mr. W. G. Cooke, A.R.1.B.A., Assoc. Inst.C.E. 
Member of Council, in the rooms of the Geological Society. 
The subject was divided into two parts. The first 
dealing with those companies such as gas and water, 
where the rateable value was ascertained from the yearly 
issued to their shareholders; and the 


of meters, tools and other chattels. 

increases were in the statutable 
that is, over the cost of repairs, 
and insurance, or, in one word, “u ym 





income or working expenses can in, one 

@e fects sipeh: the value as & 2 oe 
figure, where no t of bu or additional 
machinery had taken lace or been 
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EXPERIMENTAL ENGINE AT UNIVERSITY COLLEGE, CARDIFF. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS AND CO., LIMITED, ENGINEERS, GAINSBOROUGH. 


Fig.1. 





———3! 6¥—--- 


} 


>t 


--ee me Die--~-——- 9" g” ---- 
V6} F 


-------- 2.8"- 
hestn a 


ye 
(3908.4) 


By the generosity of the local coal owners, the 
University College of South Wales and Monmouthshire 
has been recently enabled to instal a new experimental 
engine in their engineering laboratories at Newport- 
road, Cardiff. The engine, which we illustrate on the 
present and opposite pages, and on pages 613 and 616, 
was installed under the supervision of Prof, F. Bacon, 
M.A., M.L.Mech.E., and was built by Messrs. Marshall, 
Sons and Co., of Gainsborough, who for many years 
have made a speciality of steam engines designed for 
educational purposes. It embodies many features 
calculated to render it specially serviceable for the 
training of engineering students where the object is to 
illustrate, and permit of quantitive investigation 
seep different methods of working. 

The engine is a horizontal compound with cylinders 
arranged side by side. The diameters of the high- 
pressure and low-pressure cylinders are 5} in. and 
9 in. respectively. The stroke is 12 in. and the cranks 
are placed at right angles. The normal speed is 
150 r.p.m. It is designed so that\it can work with the 
high-pressure forged only, tke low-pressure cylinder 
“an or with both cylinders es a compound. Each 
cylinder is separately jacketed on the barrel and the 
ends, the supply of steam to and the drains from 
the ends being separate from those for the barrel. 
Measuring pots are provided for measuring the 
water. condensed Tig eac em These are seen in 
the foreground of Fig. 9, page 61 

The ee ere ka side (see Fig. 10) is fitted with drop 
valves for both steam and mug as 1 cap are 
arranged so that the expansion can ied by means 
of the governor. The valves are operated through a 
layshaft driven from the crankshaft by scroll } 
The low-pressure side is fitted with an ordinary sli 
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valve with Meyer gear cut-off valves on the back. 
By means of a hand wheel the cut-off can be varied 
between one-eighth and five-eights of the stroke. 
There is an arrangement fitted to the valve spindles 
outside the valve chest on which a model diagram of 
the valves is reproduced, so that it is ible to see 
exactly how the valves are situated in the steam chest 
when the engine is at work. 

The alteration from high pressure only to compound 
is effected by means of a valve underneath the cylinders, 
and when working on the low pressure cylinder only the 
steam is reduced in pressure by means of a reducing 
valve before entering the low-pressure cylinder. 

Indicator gear is applied to both cylinders. There 
are two governors; the Proell governor for the 
automatic arrangement of the high-pressure cylinder, 
and a Pickering governor operating on the throttle to 
be used when the engine is working with the low- 
pressure cylinder-only. 

The crankshaft is fitted at both ends with a brake 
flywheel. Each flywheel is equipped with a set of 
rope brake tackle, spring balances and weights arranged 
on the self-compensating principle devised by Lord 
Kelvin in 1858. The hollow brake rims are water- 
cooled in each case, supply and drain pipes being fitted 
to maintain a constant circulation of water when 
running. One of the flywheel rims has been graduated 
in d » which makes it easy for students to find 
out for themselves the positions in which the various 
events of the stroke are timed to occur. 

Pe supplied — a water = boiler is suitably 

uced in pressure by a reducing valve, and then enters 
the engine via a trap on a branch from which a wire- 
drawing calorimeter is fitted for determining the 
quality of the steam. Suitable pressure gauges and 
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thermometer pockets are provided for measuring the 
pressure and temperature of the steam at various points 
in the course of its passage through the engine. The 
exhaust steam passes out through the wall into a surface 
condenser situated in the boiler-house, or it may be 
diverted into the atmosphere. The condensate 
discharged by the air pump flows into change-over 
tanks placed on weighing machines, and suitable means 
are provided for measuring the rate of flow and rise in 
temperature of the cooling water. 

From the above description it will be seen that the 
engine illustrated is not only particularly well adapted 
for experimental purposes, but also provides an example 
of thoroughly up-to-date design. Junior students 
will learn how to take diagrams, work out brake and 
indicated horse-power, study the action of different 
valve gears and governors, measure steam consumption, 
and determine efficiencies, &c , under varied conditions 
of running. Advanced students will be able to make 
more extensive investigations, such as the influence of 
cut-off and steam jacketing on economy, influence of 
cylinder walls, leakage of valves, &c. Such tests will 
possess enhanced value due to the fact that the engine 
can be regarded as a complete model of a high-class 
modern type of drop-valve engine in every respect, 
which remains as nearly as possible an ordinary com- 
mercial engine in all the varied adjustments of which 
it is capable. 

The laboratory in which the new engine has been 
installed was built under the direction of the late 
Professor A. C. Elliott, D.Sc., M.LC.E., as long ago as 
1893-5. For many years previous to the war the 
complete equipment of the laboratory was retarded, 
due to lack of funds ; but from now onwards, progress 
on a scale worthy of the resources and industrial 
importance of the district is confidently anticipated. 
During the war the engineering department of the 
college successfully undertook a considerable amount of 
gauge-making and testing work for the Ministry of 
Munitions. An indirect advantage arising from having 
adapted the engineering laboratories to deal with this 
work of national importance was that much machinery 
of obsolete or obsolescent type had to be disposed of, 
and this has been, or soon will be, replaced by 
apparatus and machinery of the latest type. Struc- 
tural extensions are also being put in hand to meet 
the rapid increase in the number of students to be 
accommodated and to provide more adequate facilities 
for research. 

Thanks to the changed attitude of business men 
and the awakening of* public opinion, South Wales is 
now fully alive to the importance and necessity of 
providing adequate facilities for higher education in 
technological subjects. Indeed, there is no part 
of the country in which the provision and co-ordination 
of technical education of all grades has recently received 
more careful consideration than in South Wales and 
Monmouthshire. 











May 7, 1920. ] 


ENGINEERING. 





613 








EXPERIMENTAL ENGINE AT 


UNIVERSITY COLLEGE, CARDIFF. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS AND CO., LIMITED, ENGINEERS, GAINSBOROUGH. 


Fig.4. 


'GERMAN SUBMARINE DIESEL ENGINES. 


In Enerineerine of June 13, 1919, p. 763, we 
published an article descriptive of German submarine 
Diesel-engine design and construction, indicating from 
an examination of their engines the policy followed 
by our late enemies and deducing the leading con- 
siderations that seemed to our contributor to have 
underlain the methods reviewed. 

We publish now a reply from the German journal, 
the Schiffbau, of February 11, 1920, giving in full those 
portions,that serve to throw further light on this 
subject. This article will no doubt be of considerable 
interest to British designers and constructors, as giving 
some of the fruits of German experience and findings of 
experiment and sea-going service. 


The handing over of our submarines to the British has 
enabled them to become thoroughly conversant with 
our latest types of boats and their mechanical equipment. 
In ENGINEERING there has been published a notable article 
entitled ‘‘German Submarine Diesel Engines,” notable 
especially because the author, who unfortunately is not 
named, but who apparently is quite an expert, seems 
to endeavour to do justice to the high value of German 
technics as illustrated in the case of the submarineengines 
but notable also since he does not limit himself to a 
description of the types, but follows up successively 
the reasons for their selection. 

The conclusions drawn at the time, following upon 
various failures in the early stages of development, 
that the Nuremberg stepped-piston type of engine was 
not very suitable for submarine propulsion proved later 
to be incorrect. Constructions which embodied the 
results of experience gained, have further established the 
suitability of these engines for this duty and have also 
given a fuel consumption little in excess of that of the 
Augsburg four-cycle engine. In the case of the two-cycle 
stepped-piston type there remains, generally speaking, 
only the unfavourable circumstance that the removal 
of the pistons in the boat is surrounded with great 
difficulties, and also the-disadvantage of having the 
pressure upon the main bearing always in the one 
direction, 

The author’s statement to the effect that also in 
Germany, before the war, the two-cycle engine was 
decidedly preferred, whilst during the war Germany 
almost exclusively resorted to the four-cycle principle 
requires some modification. The four-cycle engine was 
preferred in Germany before the war, at least so far as 
engines for warship purposes were concerned, although 
during the war there were at one period many more 
boats equipped with two-cycle than with four-cycle 
engines, This situation is due to the fact that before the 
war foreign Governments had ordered from German 
firms a considerable number of two-cycle engines, and 
these engines, owing to war requirements, were utilised 
inthe German Navy. But notwithstanding this, the four- 
cycle engine was preferred in Germany for the simple 
reason that it involved fewer difficulties of construc- 
tion, it was more thoroughly developed and hence more 





(For Description, see opposite Page.) 
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reliable, and from the 


€ int of view of its fuel consump- 
tion it was then well 


own to be superior to the two- 


cycle engine. 

The "‘Carinein Navy, following the sound maxim of 
proving all things and “ retaining the best,’’ had indeed 
given due attention to the two-cycle engine, mainly in 
the hope of building of this type, for equal duty, smaller 
and lighter engines. This expectation was not fulfilled. 
The scavenging pump required for the two-cycle engine 
led to the absorption of about as much space and weight 
as was saved by the smaller dimensions of the working 
Scope The dimensions are not so very much smaller 
than were those of the four-cycle engine cylinders ; the 
piston speed also, and, to a greater extent still, the mean 

ressure, must be maintained with two-cycle engines 
ower than in the four-cycle engine. Another advantage 
of the two-cycle engine, namely, the fact that reversing is 
of simpler design and construction, cannot be gainsaid, 
and this advantage increases in importance with increase 
in engine power. 

The reason why German submarine engine construc- 
tion during the war has been directed almost exclusively 
to the four-cycle t is therefore less to he sought in 


the properties which are inseparable from each type than 
in the state of development in which they stood at the 
time. Since the reliability of the two-cycle engines had 


not reached the point that was aimed at, it was quite 
obvious that in the pressure of war time no further experi- 
ments could be engaged upon even though their results 
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could be viewed in even the most hopeful light ; on the 
other hand, the best designs which were then and there 
available were resorted to. To lay down that the two- 
cycle in itself was less satisfactory and had consequently 
to be set aside is beside the point, and is not the fact. 
I am fully convinced that had the war taken a different 
turn, the German Naval Authorities would not have 
failed to give due attention to the development of the 
two-cycle type also for submarines, and for engines of 

ater power she would even have-been compelled to 

0 60, 

A side remark points to the view of the English author 
that the development in Germany might have been 
different if, at the outbreak of war, port scavenging had 
been further developed. For experiment in this line 
there was, he asserts, but few possibilities during hostili- 
ties. One can but agree with this, for, in effect the 
advantages of the two-cycle engines appear in their 
true light only when scavenging by means of valves 
disappear. The practical application of port scavenging 
is certainly not simple, and it requires great experience 
if smokeless combustion and low fuel consumption are 
desired, and even at the present time this question is 
not solved in all particulars, notwithstanding the great 
progress recently made following =— experiments 
carried out on systematic and scientific lines, 

The author, after shortly referring to the main points 
which differentiate the Germania from the M.A.N. engine, 
and stating the opinion, which does not hold good, that 
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for the head of the working cylinder manganese bronze 
has proved itself to be the most suitable material (as a 
matter of fact the experiments, carried out with a 
manganese-nickel-bronze cover, resorted to provision- 
ally, cannot be said to have been satisfactory), he enters 
into a description of the largest M.A.N. type, with which 
he appears to have been better acquainted, namel I, the 
eneullaa 1,750 brake horse-power four-cycle six-cylinder 
engine. (There have also n used four-cycle engines 
of 3,000 brake horse-power in ten cylinders.) __ 

The boats fitted with two such six-cylinder engines had 
a total of 3,500 brake horse-power, whilst the largest 
British two-shaft boats of the L class could only develop 
2,400 brake horse-power. In the 3,600-brake horse- 

wer boats of the J class, the total power is divided 

tween three shafts. This circumstance, which points 
to the difficulties which our og me had to contend 
with in the construction of the larger Diesel engine 
for submarines, and which they were not able to over- 
come during the war, gives the author occasion to assert 
that the German engines had to develop their maximum 
power only for short periods at a time, whilst the English 
engines had to develop theirs under conditions of con- 
tinuous running. I do not happen to know whether the 
English engines actually were so much more reliable, 
but it may be stated that before their erection on board 
the German engines underwent continuous runs of many 
hours, even a seven days’ continuous run at full power ; 
therefore the assertion that their maximum power could 
only be reckoned upon for short periods rests upon a 
slender basis. 

The dimensions of the six working cylinders, 530 mm. 
(20-84 in.) in diameter and 530 mm. (20-84 in.) stroke, 
are correctly given, as is also the speed, namely, 380 r.p.m. 
The resulting piston speed of 6-71 m. per second (1,320 
ft. per minute) is considered by the author a very high 
one, and at all events higher than would be permissible 
for continuous running, a view which, on the basis of 
actual experience, cannot be a dto. That the piston 
weight, together with the weight of the various driving 
parts is therefore kept as low as possible is correctly 
assumed, the inertia forces being kept within quite 
permissible limits. The mean effective pressure of 6 kg. 
per square centimetre (85 Ib. per square inch)—corres- 
ponding to a mean indicated pressure of 7-5 kg. per square 
centimeter (107 Ib. per square inch) in round figures, 
taking as a basis a mechanical efficiency of 80 per cent.— 
is not considered particularly high by the author in the 
case of engines having piston cooling; but he places 
himself in contradiction with his former assertion to the 
effect that the full load could not be continuously carried, 
for then there would doubtless be developed too high 
a mean effective pressure within the cylinders, which 
would prevent the attainment or continuance of full- 
power development to a greater degree than the piston 
speed, which factor is of less consequence. 

The fuel oil consumption of about 200 grammes per 
brake horse-power hour (0-44 lb.), appears to be high 
and, in his opinion, is higher than that which English 
engines gave in actual service. He traces this high con- 
sumption to the fitting of two fuel injection valves in 
each cylinder head, which arrangement, he rightly 
assumes, has been adopted solely from constructional 
grounds—a better cooling of the cylinder head and parts. 
‘hat in the case of four-cycle engines, this somewhat 
_ fuel consumption is due to the arrangements of the 
valves may be doubted; it is rather dependant upon 
the high piston speed and the general compactness of 
the engine, and if the British engines give a lower con- 
sumption, this is readily attributable to the fact that in 
re to the requirements of space saving on board 
submarine boats, they are less adaptable than the 
German engines, and that they approach more nearly 
to the requirements of land installations. 

In his luding t the author recognises the 
highly-developed manufacture and workmanship evid- 
enced by the German engines, but he expresses the fear 
that several mechanical parts are perhaps too delicate 
for the rough handling likely to be given them on board 
ship. There is, however, a reproach which the author 
thinks he cannot fail to address to the German firm, 
namely, with reference to accessibility, and especially 
the accessibility of the piping and other parts ; to him 
this is a defect, and the design is apparently not well 
thought out. The impression is gathered that, for every 
trouble that occurs, the unshipping of parts of the engines 
and their refit in the shop have to reckoned upon, 
whilst in the instance of British engines more considera- 
tion has been given to the possibility of executing 
repairs on board. This disadvantage, so far as it really 
exists, is accounted for by the compactness of the 
German type of engine, due to the necessity of turning 
- ~ best advantage possible the smallest space avail- 
able. 

Taking it all in all, German Diesel engineers can be 
thoroughly satisfied with this expert criticism of British 
origin. 





—_—_—_——. 


ROYAL METEOROLOGICAL SOCIETY. 


Tue usual monthly meeting of this society was held on 
Wednesday, the 2lst ult., at the Society’s Rooms, 
70, Victoria-street, Westminster, Mr. R. H. Hooker, 
M.A., president, in the chair. 

A description of the Night Sky Recorder recently 
brought into use at the Royal Observatory, Greenwich, 
was given. The object of the instrument is to supple- 
ment the daily sunshine record in so far as it gives an 
indication of the amount of cloud. The instrument 
consists of a small camera in a fixed position pointing 
to the pole of the heavens. The lens is asingle component 
of a doublet of 8 in. focal length and 0-4 in. aperture, 
working at f/20. It is found that the aperture in con- 
junction with plates of “‘ ordinary ” speed will give a good 
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record even at full moon. Measurements are made by 
means of a photographic scale. 

A second paper entitled “‘ Local Weather Conditions at 
Mullion, Cornwall,” was read by Lieutenant N. L. 
Silvester. Mr. Silvester eg his paper by a brief 
account of the topography of the Lizard peninsula, 
dealing mainly with those features that seemed to act as 
controlling factors of local weather. He gave a detailed 
onalyaia of the local meteorological elements in the order 
of their yyy relative to airship navigation, but 
remarked that the iod under review (approximately 
one year) was too short to deduce much information of 
climatological value, but that during most of this period, 
the observations were as full and as frequent as the 
changes of the service in war time would permit. Ratios 
of ient to surface wind had been computed and 
ana from the results of over 400 pilot balloon ascents 
by the one-theodolite method. During this short period 
the weather hut, from which all observations were made, 
was removed from a site in the immediate precincts of the 
airship station—after it had been proved that the site 
was unfavourable for the measurement of the wind near 
the surface—to one about a mile distant. It had there- 
fore been possible to make comparisons between two very 
different exposures at a onal distance apart. These 
had at least shown unmistakable evidence of the marked 
friction and turbulence affecting the wind near the 
surface in the vicinity of large buildings such as airship 
sheds. Much useful information relating to the local 
occurrence of fogs and of unusual visibility had been 
tabulated ; whilst another feature was the collection in 
tabular form of local signs of approaching bad weather, 
which should prove of value to the local forecaster. 

Mr. J. E. Clark gave an account of the Surrey hail- 
storm of July 16, 1918. This storm differed from other 
similar British visitations by the fortunate absence of 
much wind and by coming after midnight. The track 
of serious dam: rarely exceeded a }-mile width and 
was 16} miles long, the hail beginning at 1.55 a.m. 
west of Holmwood station and ending near North 
Bromley Station, 22 miles to the north-east, at about 
2.30 a.m. (true time). Rain and hail ceased sharply 
beyond the south-east margin, near which the fall was 
heaviest. At Purley it was 1-37 in., compared with 
1-03 in. 600 yards north-west; these amounts falling, 
respectively, in 11 minutes and 10 minutes. The north- 
western margin varied much more ; hail damage, hail and 
heavy rain gradually lessening the hail, ceasing from 
Yu miles to nearly 5 miles north-west of the other margin. 

ivid, almost incessant lightning accompanied the hail, 
the noise of the latter, however, rendered the thunder 
inaudible. About 25 per cent. of the hail consisted of 
jagged chunks of ice, some u: eh pbc: One 

iece, 6 hours or 7 hours , still meas 2} in. 
y 2 in. by 1} in., and much larger ones were reported. 
Greenhouse roofs and some windows were smashed and 
eee Seat, > plnets etess te Wee. The total 


pe dt ecg to at least 10,000/. associated 
thun over south-east England was considered 
in the paper ; also the temperature, pressure, wind and 
upper air conditions. 












~---- 16 --------+| 


---- @% -—--- 


nun ~ Tg -- 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
German Push.—Evidence has come to hand during 


the it week of German endeavour to compete with 
South Yorkshire makers of motor lorries for commercial 
purposes. Through an agent in the Midlands, a limited 
number of motor lorries are being offered at prices 
substantially lower than those quoted for the local 
product. These prices are inclusive of the cost of 
delivery. The offer so far has not been entertained by 
local makers or merchants. 

Railway Delay.—Despite the widespread appeal posted 
on all traffic depéts for the early release of wagons and 
the expediting of traffic, numerous complaints continue 
to be received at the headquarters of the South Yorkshire 
Manufacturers’ Association of damage to trade through 
railways delay. In some cases makers of finished steel, 
it is reported, have been compelled to restrict output, 
because their stocking facilities are congested, and it is 
impossible to secure reasonable despatch of current 

roduction. A similar disability impedes work at the 
Piast furnaces, where a considerable tonnage of pig-iron 
is stocked awaiting the arrival of trucks for delivery. 


Iron and Steel.—The opinion that business in engineer- 


ing products is slowing down owing to the continued 
inflation of prices at home and the adverse condition of 
foreign exchanges has gained further support by the 


developments of the past week. Orders from Con- 
tinental sources for steel and machinery are distinctly 
fewer, and though certain sections of the Sheffield steel 
trade are exceptionally busy, there is no doubt that the 
heavy departments aro in for a much quieter time than 
Sep, been experienced during the past four months. 
A from the European demand, however, business 
with the United States, South America, India and South 
Africa continues of a healthy character. An immediate 
market is found for all the textile machinery that can be 
produced, and makers of mining and agricultural 
requisites have some difficulty in keeping pace with 
requirements, both on home and export account. The 
engineering demand for files has been somewhat retarded 
by the release of substantial stocks, but otherwise export 
needs are on a large scale. The improvement in the 
trade in special steels with the United States is fully 
sasinteined. Local quotations for delivery across the 
Atlantic, compare very favourably with those of the 
United States makers of tungsten material. In the 
lighter trades, work continues generally at high pressure. 
In order to secure more equal distribution of orders and 
to minimise working costs, a number of amalgamations 
between small firms chiefly employed in the manufacture 
of hand tools and implement parts, have been completed. 
There is no indication of any immediate decline in prices 
of raw and semi-finished materials. Finished iron is 
difficult to obtain at the revised rates. A further 
advance of 1/. per ton on the quotation of 28/..10s. for 
Crown bars is forecasted. 
South Yorkshire Coal Trade.—The acute shortage of 
coke is having a serious effect upon the output of steel. 
Many of the local furnaces are running short time, and 
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in @ few cases work is reported to have been suspended. 
On the open market there is very little free coal of any 
description. Steam hards are in great demand by 
industrial consumers of all classes. Business is restricted 
to day-to-day supplies. Reserves at gas works have 
somewhat improved, but the safety margin has not yet 
been reached. Contractors are taking the full output 
of cobbles, nuts, and slacks, chiefly for inland delivery. 
There is a marked shortage of household fuel in the 
outlying districts. Merchants are carrying on with 
considerable difficulty. Quotations :—Best branch hand- 
picked, 238. to 24s. ; ag = 4 best Silkstone, 23s. to 
23s. 6d.; Derbyshire best brights, 21s. to 22s.; Derby- 
shire house coal, 18s. 6d. to 19s. ; Derbyshire best large 
nuts, 188. 6d. to 198. 6d.; Derbyshire small nuts, 
27s. 6d. to 28s. 6d.; Yorkshire hards, 28e. 6d. to 29s. 6d. ; 
Derbyshire hards, 288. 6d. to 29s. 6d.; rough slacks, 
248. to 25s8.; nutty, 238. to 248. ; smalls, 19s. to 20s. 





NOTES FROM CLEVELAND AND THE 
- NORTHERN COUNTIES. 

MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—No surprise was created 
by the Cleveland ironmasters at their weekly meeting 
again leaving pig-iron prices unchanged, the view being 
taken that they will not revise rates until it is known 
what is to happen as to fuel values. Meantime any iron 
contracts that are made contain the protective clause 
that the sale is at the price as at the time of delivery. 
For home consumption, No. Cleveland pig-iron is 
212s. 6d., and No. 3 and the commoner kinds are 200s. ; 
and for shipment to France, Belgium and Italy, No. } 

is 217s. 6d. and No. 3 and the lower qualities are 205s. 


Hematite Iron.—East Coast hematite is less scarce 
than it has been, but while the large home demand is 
now rather more than met, the quantities available for 
sale abroad are only small. To home customers No. 1 
is 2628. 6d. and mixed Nos. are 260s., and for despatch to 
France, Belgium and Italy No. 1 is 267s. 6d. and mixed 
Nos. are 265s. 


Coke.—Local consumers of coke report supplies now 
coming forward satisfactorily, and with home needs 
adequately dealt with a little coke is once more being 
liberated for export. For home purposes medium blast- 
furnace kind is 55s. 6d. at the ovens, and low phosphorus 
sort 588. at the ovens. For export gas-house coke is 
1308. to 1328. 6d. 


Manufactured Iron and Steel.—Great firmness charac- 
terises finished iron and steel, demand for which is 
unabated. Manufacturers are so overwhelmed with 
work, and so much in arrears with deliveries that they 
cannot entertain new business on anything like an 
extensive scale. The heavy stocks of steel which are sold 
to customers who are clamouring for supplies cannot 
be distributed because of lack of railway facilities. The 
following are among the principal market quotations :— 
Common iron bars, 281.; marked bars, 30/.; riveta, 
361. ; steel ship, bridge and tank —— 231. 108. ; steel 
angles, 221. 108.; steel boiler plates, 281. 10s.; steel 
joists, 227. 108.; steel strip, 271. 108.; steel hoops, 
271. 108. ; packing steel (parallel), 187. 58. ; packing steel 
(tapered), 221. 10s.; soft steel billets, 221. 10s.; hard 
steel billets, 237. 108. ; heavy sections of steel rails, 231. ; 
fish plates and sleepers, 28/.; black sheets, 45/.; and 
galvanised corrugated sheets, 561. 


Shipments of Iron and Steel.—Loadings of iron and 
steel at the port of Middlesbrough during April totalled 
89,785 tons, of which 51,840 tons were pig-iron, 2,424 
tons manufactured iron, and 35,521 tons steel. Ital 
received 13,381 tons of pig-iron ; ium, 10,809 tons ; 
Scotland, 8,520 tons; Wales, 6,095 tons; Japan, 
4,728 tons; and France, 1,977 tons. India with an 
import of 919 tons was the largest customer for manu- 
factured iron, and the principal customers for steel were : 
Japan, 8,233 tons; India, 7,468 tons; Portuguese East 
Africa, 2,318 tons ; and Cape Colony, 2,270 tons. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Markets.—A loss of one day’s output in 
connection with the May Day labour demonstrations, and 
the consequent pressure for home s ies to make up 
for this rode in production, has export business 
practically impossible owing to heavy inland allocations 
and a resultant diminution in the quantity available 
for shipment. The outlook is, however, more hopeful, 
as the miners have reversed their decision of a general 
strike in connection with the Nine-Mile Point minimum 
wage dispute, and the men directly affected have also 
returned to work. The threat of a national coal strike 
is also removed, and thus it is anticipated that there will 
be a relaxation in the home demand and a corresponding 
increase in the quantity available for shipment. In the 
past week foreign exports from South Wales totalled 
335,613 tons, of which 186,934 tons, or 56 per cent., were 
supplied to France, 58,400 tons to Italy, 17,048 tons to 
South America, 7,599 tons to Spain, 10,480 tons to 
Portugal, 51,903 tons to British coaling depots and 
3,429 tons to other countries. With a return to normal 
conditions out should also increase and, though 
releases are still sparingly granted, there is every ho 
of an improvement in the early future, though 
Proximity of the Whitsun holidays may delay any 
substantial increase in foreign exports. Collieries in 
Practically all cases are full up with allocations and 
contract commitments, and buyers i m 
difficulty in securing even small . Prices in the 
circumstances are firm, and for the better quality large 
115s. to 1178. 6d. is readily paid with 110s. to 115s. 





ruling for other descriptions. Throughs are round 
107s. 6d. and smalis from 92s. 6d. to 978. 6d., aceording 
to quality, Ooke exports are at a standstill because 
of the continuance of the export embargo, and patent 
fuel is practically unobtainable as most makers are 
booked up till the middle of the year and for the small 
available parcels 125s. to 130s. is forthcoming. Though 
the number of vessels in the roads has been reduced 
from 57 on Friday last to 36 this morning, mainly by 
** directed ’’ ballast voyages, the docks are still congested 
with shipping, and long waits are common. A typical 
instance is that of the steamer Lubeck, of 2,934 gross 
register, owned by the Ministry of Shipping, which has 
been en Goes since April 7 last for about 2,000 
tons of bi , to proceed to South America in ballast. 
This vessel has a crew of about 84 on board, all of whom 
have been on full pay during the whole of the time. 


The i ea ee ae ie 
pervaded the tin-plate market during the past week. 

uiry has diminished and buyers offer 68s. for prompt 
Gilivory Ek the boats bec, bub an snveh aohuntinatteaty ane 
fully booked up they are not disposed to sell at this 
figure, and are holding for 71s. to 74s. f.o.t. Tin and 
sheet bars are also a quiet market, as sellers are not 
anxious to do business in view of the pending increase in 
the price of coal and bars are nominally round 30/. per 
ton. Galvanised sheets are round 56l. for 24-gauge 
corrugated sheets. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scotch Steel Trade.—Activity is still general in the steel 
trade of Scotland, and all establishments are as busy as 
they can possibly be. Raw material is scarce, and the 
i ity of deliveries has also a tendency to delay 
uction with the result that outputs are not nearly 

as large as they might be. The shorter working week, 
while perhaps good from the point of view of the manual 
worker, is not, at the present time, a very good thing 
for the world at large owing to the great shortage of 
nearly all manufactured cc dities resulting from 
the war years 1914-18. The steel makers like those in 
the allied trades, have been confining their outputs almost 
wholly to the home trade, and are still doing so, and 
this has gy emt Te magne to ee small 
pércentage. It generally m anticipated that in a 
month or two there would surely be something over for 
shipment, but each month seems to make that more 
impossible and to remove the date for ese foreign 
business much further away than ever. Even rising 
prices have failed utterly to put a check on buying, 
and each week the pressure for deliveries is as great as 
during the previous one. The steadily rising cost of 
roduction is once in the cause of another increase 
in prices, and the Scottish steel-makers advanced their 
quotations for plates and angles as from Monday of this 
week, and the new rates, subject of course to certain 
extras for delivery, are now as follow: Ship plates, 
in. and up, 26l. per ton, net; under } in. to ¥% in., 
11. 108. per ton, net ; under ¥ in. to } in., 33/. per ton, 
net; angles, &c., 251. 108. per ton, net ; boiler plates, 
301. 10s. per ton, net. These new prices do not yet 
spell finality as they may shortly have to be raised 
again if the Coal Controller authorises an increase in the 
price of fuel. The position in the black sheet trade is 
very similar to that of plates and sections, and advancing 
costs have necessitated another increase in quotations. 
The basis prices now arranged by the Scottish Black 








y | Sheet Makers’ Association are as follow : Steel sheets, 


4 in. and thicker, 38/. 10s. per ton; under } in. to 12- 
gauge, 391. per ton; under 12-gauge to 16-gauge, 41/. 
per ton ; under 16-gauge to 20-gauge, 42/. 108. per ton ; 
under 20-gauge to 24-gauge, 441. per ton. new 
rates came into force to-day (Wednesday), and have 
been found necessary owing to the abnormally high 
prices ruling for sheet bars. All the works are going 
at top s and will continue so for a long time as the 
number of orders booked represents a very large tonnage. 


Malleable Iron Trade.—No change of any moment 
falls to be recorded in connection with the malleable 
iron trade of the West of Scotland this week. The 
various establishments pose all exceedingly busy = 
outputs are goi ui into consumption, 
result that } man By, wee "0 amaidng at the door” of 
makers and are constantly inquiring for further deliveries. 
With “crown”’ bars at the high level of 28/. per ton 
one would have thought that the demand might have 
eased off slightly, but that is not the case, and buyers 
are still eager for suppli How | thé present state 
of affairs can last with prices of everything so abnormally 
high it is difficult to forecast. The export trade is not 

vy. : 


Scotch Shipbuilding.—The past month has been an 


exceptionally spon one in the Scotch shipbuilding 
industry, and output amounts to the large totel of 
34 vessels of 102,468 tons, made up as follows :— 

Vessels. Tons. 
The Clyde... Seo Gee 19 85,008 
The Forth at oe 6 7,780 
The Tay ... ond aie 1 7,620 
The Dee and Moray Firth 8 2,060 
Total «as 34 102,468 

A most interesting fact with reference to the above 

figures is that the vessel launched on the Tay is the 


largest ever built on the East Coast of Scotland. It was 
the s.s. Machaon, 7,620 tons, and 4,800 i.h.p., built 
and engined by the Caledon Shipbuilding and Engineering 
Company, Limited, Dundee, for the Ocean Steamship 





NOTICES OF MEETINGS. 


Tue Surveyors’ InstrTvTI0ON.—Monday, May 10, 
when a paper will be read, entitled ‘‘ Rent Problems,” by 
ate, y A. Smith (Fellow), The chair will be taken 
at 8 p.m. 


Tue Royat Socrery or Arts.—Monday, May 10, at 
8 p.m.: Cantor Lecture, ‘The Decoration and Archi- 
tecture of Robert Adam and Sir John Sloane, 1758- 
1837,” by -Mr. Arthur Thomas Bolton, F,.R.I.B.A., 
F.S.A., Curator, Soane Museum (Lecture II). Wednes- 





day, May 12, at 4.30 p.m. : , “* Rolls 
of Honour,”’ by Mr. Grailey Hewitt. . Halsey Ricardo, 
F.R.1L.B.A., will preside. 


Tue [ntumrmatine EncGincerine Socrety.—Tuesday, 
May 11, at 8.15 p.m., at the Royal Society of Arts, 
John-street, Adelphi, London, w an account of 
**Recent Developments in Portable T of Cinema 
SS" will be delivered by Captain r W. Barber, 


Tue Royat AsronauticaL Soorety.—Wednesday, 
May 12, at 8 p.m., at the Royal Society of Arts, John - 
street, Adelphi, London, W.C.2. A paper entitled 
“ Notes on ying Boats ’’ will be read by Major Linton 
Hope. The chair will be taken by Dr. L. Bairstow. 

Tue Iwstirurion or EsorricaL ENGINEERS.— 
Thursday, May 13, at 6 p.m., at the Institution of Civil 

i Great street, tminster. ‘‘ Per- 
manent in Theory and Practice,” by Mr. 8. 
Evershed, ber. 

Tue Instrrvrion or AvtTomosite ENGINEERS.— 
Friday, May 14, at 7.30 p.m., at the Technical Institute, 
Coventry, when a paper on “ Cast-Iron in Relation to the 
Automobile Industry ” will be read by Mr. J. E. Hurst. 


Tae Royat Instirurion or Great Briramn.— 
Friday, May 14, at 9 p2- a discourse will be delivered 
by Professor Karl Pearson, F.R.8. The subject is 
“Sidelights on the Evolution of Man.’ Afternoon 
Lectures at 3 p.m.: Tuesday, May 11, Professor Arthur 
Keith, M.D., LL.D., F.R.8., M.R.1., Fullerian Professor 
of Physio! » Royal Institution, on “ British Ethnology 
—The In of England”’ (Lecture III); Thursday, 
May 13, Mr. A. P. Graves, M.A., F.R.S.L., on ‘“‘ Welsh 

Trish Folk Song’’ (with musical illustrations) 
Lecture I); Saturday, May 15, Mr. Frederic Harrison, 

C.L., D.Litt., LL.D., on “ (1) A Philosophical Synthesis 
as Proposed by Auguste Comte.” 

Tue Junior Instrrution or Enoineers.—Friday, 


May 14, at 7.30 p.m., at 39, Victoria-street, S.W. 1. 
“* Discussion and p sorea Aspect of the Peace Treaty,”’ 
Opener, the Hon, H, Fletcher Moulton. 


Tae Iron anp Sree. Instirure.—Friday, May 14, 
at 3 p.m., Adjourned Meeting at the Mappin Hall of 
Sheffield University. The following is a list of the papers 
which it is expected will be submitted: (13) Mr. J. H. 
Andrew, Mr. J. E. Rippon, Mr. C. P. Miller and Mr. A. 
Wragg, ‘‘ Effect of Initial Temperature upon the Physical 
Properties of Steel’’; (14) Mr. C. A. Edwards, Mr. H. 
Sutton and Mr. G. Oishi, ‘“‘The Properties of Iron- 
Chromium-Carbon Steels ’’ (Part I, “‘ Thermal Analysis "’ ) 
Mr. C, A. Edwards and Mr. A. L. Norbury, “'The Pro- 
perties of Iron-Chromium-Carbon Steels’’ (Part II, 
‘Effect of Heat Treatment on Electrical Resistivity "’ ; 
15) Mr. K. Honda and Mr. T. Murakami, “On the 
tructural Constitution, Hardening and Tempering of 
et Steel containing Chromium and Tungsten ”’ ; 
16) Mr. J. H. G. Monypenny, ‘‘ The Structure of some 
hromium Steels’’; (17) Mr. A. L. Norbury, “The 
Effect of Various Elements on the Electrical Py 
of Iron”’; (18) Mr. F. Rogers, “‘ Brittleness of Nickel - 
Chrome and other Steels ’’ (Part II). 








Company, Limited, Liverpool. The Clyde total is also 
interesting because it is the third hi tonnage on 
record for the month of April, and it is only about 
13,000 tons less than the total for the other three months 
of this year. The output for the year to date is 52 
vessels, making 182,962 tons, which total has only twice 
been bettered for the first four months of any previous 
two occasions were 1913 (237,161 tons) 





year. T 
and 1912 (199,104 tons). Ofo the out: for this 
year is a long way behind the record year of 1913, and 


@ very large monthly total will be necessary if that year is 
to be left behind.» ‘The shipbuilders have the orders, 
but it is the sho: of materials of nearly all kinds 
which is keeping bac ction, and if ship plates were 
only a little more tiful the present year might 
almost yet create a record which would take a lot of 
Scotch Pig-Iron Trade.—There is continued activity in 
the pig-iron trade of Scotland, and the demand is very 
heavy for all kinds of iron, which is no more plentiful 
now than it has been for ~—— back. In fact, this 
7 re Te 2 > eneet seneety is move 
— round and prices are very firm. No. 1 foundry 
is 141. 158. per ton, for home con- 
sumption, and No. 3 is round 13/. 10s. to 13/. 15s. per 
while for export lots the prices named are about 
161, 5e., and 151, 5s. per ton respectively, but the difficulty 
is to obtain any iron for shipment. Hematite is in very 
— by the steel makers, who cannot get 
for their requirements. The scarcity is serious, 
taken lightly. Prices for this month 
by 15s. per ton, making the current 
rate now 131. 15s. per ton, net, delivered at works. As 
in the case of steel and bar iron, &c., should fuel be 
increased by the Coal Controller another rise in prices 
may be found necessary. 
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EXPERIMENTAL ENGINE AT UNIVERSITY COLLEGE, CARDIFF. 


CONSTRUCTED BY MESSRS. MARSHALL, SONS AND CO., LIMITED, ENGINEERS, GAINSBOROUGH. 


(For Description, see Page 612.) 
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NOTICE. 


A few months ago the Proprietors of “ENGI- 
NEERING” were compelled to advance the price 
of this Journal to is. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
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as postal rates remain as at present there will 

no increase in the price of copies sent by inland 

post, which will continue at is. 2d. post 

i“ NOTICE TO NON-SUBSCRIBERS, 

in view of the restrictions still imposed by the 
Government on the importation of paper and the 
consequent shortage of Supplies, Newsagents will not 
have copies for chance 3 therefore readers 
who wish to be sure of obtaining * ENGINEERING” 


each week should place an order for the Journal 
with a newsagent or bookstall clerk. 








NOTICES OF MEETINGS. 
Notices of Meetings to take place during the 
present and next week will be found on page 615. 
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THE GENERAL TREND OF DIESEL 
MARINE MACHINERY. 


ENGINEERS who are actively engaged on the 
construction of any one particular type of machinery, 
are liable to become so engrossed in their own limited 
sphere of activities and in meeting the problems 
and questions with which they are immediately 
confronted, that they do not make the opportunities, 
or spare the time, to take cognizance of and 
to review periodically the broad trend of affairs in 
the same line of work the world over. Itis, however, 
necessary in order to reach or to maintain a high 
position in any branch of industry, that full 
recognition should be given to what is being 
accomplished elsewhere, and to learn as much as 
possible from successes or failures of similar pro- 
ducts in markets other than those catered for by 
home engineers. 

There is, at the present time, no problem con- 
cerning the minds of our marine engineers to a 
greater extent than that of the application of the 
Diesel oil engine to marine propulsion. The 
development of this prime mover is international, and 
whilst economic conditions principally, together with 
a few other subsidiary factors, have contributed 
hitherto. to a larger and broader activity of con- 
struction for both land and marine purposes abroad 
than at home, events are now rapidly marching to 
the desirable position where the technical and com- 
mercial competition between the various maritime 
and shipbuilding countries will be extremely keen. 

It is, therefore, now opportune to review briefly 
and on general lines the characteristics of the types 
of engine which are on order and under construc- 
tion the world over. Statistics, so far as they are 
available and without any data as to German 
building, show that in the field of ships of greater 
deadweight capacity than 2,000 tons, considerably 
more than 150 are on order, and in course of con- 
struction at the present time, and are destined to be 
fitted with marine Diesel engines. In some cases the 
ship is being built in one country whilst the engines 
are to be supplied from another, but since relatively 
few novelties in the shipbuilding sense are presented 
by these vessels, this review will be entirely con- 
cerned with considerations of the propelling 
machinery. The Diesel motors for these ships are 
being supplied by at least seven countries, and in 
respect of numbers of sets of machinery the order of 
importance is approximately the following: Den- 





po mark, United States of America, Britain, Sweden, 


Holland, France, Italy and Switzerland. Since 
the numbers upon which this sequence is based 
include definite future as well as present construction, 
those countries which early on took a leading part 
in the marine Diesel world, can naturally obtain 
and can safely book orders much further ahead 


¢34| than can be or would be desirable in the case of the 


countries where a later start was made or the 
interference of the war had effect. With this 





proviso, however, the statement of the order is 
significant, and probably indicates quite approxi- 
mately the extent of development of the Diesel 
marine engine in the various countries 

The position of Britain cannot be regarded with 
complacency. In justification, if not in full measure, 
we can,plead the effects of the war which seriously 
suspended construction other than of a thoroughly 
standardised nature in order rapidly to give results 
with the minimum of expenditure of workmanship 
and materials. In such circumstances the steam 
engine naturally was the prime mover upon which 
to concentrate. Undoubtedly, however, at the 
present time our position is rapidly being improved, 
and there are other factors later to be touched upon 
which can also be quSted in mitigation. It will be 
noted that of the first five countries in the above list 
three were neutrals in the war, and in the case of 
the United States of America, the effects of the war 
were only partially felt and at a much later date 
than in the United Kingdom. 

A review of the type of engine being constructed 
goes to show that the simple single-acting, four- 
stroke cycle engine is even more favoured to-day in 
connection with marine Diesel work than it has ever 
been in the past history of this type of mercantile 
construction, and of the vessels building only some 
16 per cent. are to be fitted with engines of the 
two-stroke cycle type. 

It will readily be conceded that this figure is 
quite remarkable. If numbers of engines were taken, 
the percentage of two-stroke cycle construction 
would probably even be considerably lower, since 
almost half of the two-cycle engined ships are single- 
screw, whereas 90 per cent. of the four-stroke 
cycle machinery is of the twin-screw variety. In 
the early days of the introduction of the oil engine 
to marine work, the two-stroke cycle was generally 
the favoured system. The same success as with the 
four-stroke cycle engine did not meet these initial 
efforts, and these failures are, in a measure, no 
doubt reflected in the present strong position of the 
four-cycle engine. In power per cylinder or per 
engine the average to-day with the two-cycle is 
higher than with the four-cycle engine. The reason 
for the preponderance of twin-screw ships is the 
desire to attain to total powers installed aboard 
comparable with the average steamship, and to 
achieve in propeller efficiency, a figure approaching 
that of slow-running steam engines. Of all the 
motor vessels over 80 per cent. are fitted with 
twin-screws. 

It is interesting, further, to reflect that of the 
relatively few single screw vessels in construction, 
half are propelled by two-stroke cycle engines. The 
reasons for this may be firstly, that some of the 
largest powered units are of the two-stroke cycle 
type, and constructors who are willing to take the 
risks incumbent upon fitting the newer, less tried- 
out and less conservative type of engine would seem 
also to be willing now to take whatever risk, if any, 
there is in the policy of one marine Diesel engine per 
ship. The two-stroke cycle engines comprise, the 
opposed-piston types at present exclusively built 
in Britain, the supercharging port scavenging engine, 
originated in Switzerland and being built now chiefly 
in Switzerland and Italy, and the valve-scavenging 
engine which is only now retained by one French 
constructor, 

In regard to the characteristics of the various 
countries, it is interesting to note that in Britain 
by far the greatest variety of engines are being con- 
structed, these comprising standard four-cycle air- 
injection and four-cycle solid injection engines, two 
types of opposed-piston Diesels and supercharging 
two-cycle engines, and also single simple port- 
scavenging two-cycle engines. Sweden, Denmark 
and Holland are solidly in favour of the four-stroke 
cycle engine, and in America, very few two-cycle 
Diesel engines are in course of construction. In 
Switzerland and Italy are to be found the strongest 
protagonists of the two-cycle type. 

In Britain not only is the greatest variety of type 
evidenced, but also the largest engines are being 
constructed, the most powerful, the four-cylinder 
opposed-piston two-stroke engine of 750 brake 
horse-power per cylinder. The cylinder diameters are 
580 mm. and the stroke 1,160 mm., and the engine 
develops, at 70 revolutions in the four cylinders, a 
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total of 3,000 brake horse-power. The largest four- 
cycle engine being constructed in Britain, and also 
port sg has cylinder diameters of 740 mm. by 
a stroke of 1,150 mm, and runs at 115 r.p.m., 
developing over 3,500 brake horse-power in eight 
cylinders. The two-cycle engines are of four and 
.six cylinders—generally of four cylinders—and the 
four-cycle engines have six cylinders with a few 
exceptions where eight-cylinders are employed to 
give the desired high power. 

The British policy of trying out all types of 
engine is certain to lead in the end to a very favour- 
able position, and is a very bold policy to be com- 
mended in view of the lee-way which had to be made 
up and the lead unquestionably held by the earlier 
constructors of four-cycle engines. The unfortunate 
and unlikely event of failure with any of the newer 
types cannot now, in view of the varied and long 
experience already piled up to the good, be taken 
as evidence sufficient to condemn this prime mover 
in respect of its suitability for marine work. 





ROADS IN WARFARE. 

Tue extraordinary state of disrepair which was 
the normal condition of European roads up to a 
century and half ago, fixed a low limit to the size 
of the armies it was possible to maintain. Many 
of Napoleon’s feats would have been impossible 
had the means of communication at his disposal 
been no better than those with which Marlborough 
was perforce content. In fact, when his campaigns 
carried him into Poland, his calculations and plans 
were repeatedly upset by the previously unrealised 
importance of a “fifth element” in the shape of 
mud which caused divisions to arrive at their 
destinations hours too late. Railways greatly in- 
creased the possible size of the armies which could 
be fed and maintained, as was first demonstrated 
in the American War of secession; and it almost 
seemed at one time as if roads were becoming of 
secondary importance. The advent of the motor 
has, however, again emphasised the importance of 
good roads. Fortunately, this system of transport 
was relatively new when Germany launched on a 
(for the most part) unsuspecting world her long- 
planned dash for dominion and loot. A race which 
in the main pins its faith to organisation and erudi- 
tion is, fortunately, at more disadvantage when 
confronted with novel conditions than others gifted 
with the greater insight and imagination needed 
for successful improvisation, and the fact that the 
allies in France were much more successful than 
the Germans in utilising for their armies the 
ordinary roads, was one dominant factor in bring- 
ing about the German defeat. This, it is now 
known, would have been finished as a veritable 
débacle had not the military chiefs decided to save 
their faces by insisting on the acceptance of any 
armistice, no matter how arduous the terms, rather 
than that they should themselves be saddled with 
the discredit of the wholesale capitulations to 
which the superior military abilities of the allies 
would have compelled them to submit, had the war 
continued but a few weeks longer. 

A most interesting and detailed account of how 
this problem of road transport was solved has been 
written by Lieutenant-Colonel Lorieux, and is 
abstracted in a recent issue of the Annales des Ponts 
et Chaussées. France has long had a reputation for 
good roads, but these roads for the most part were 
never intended to serve for other than a very 
moderate traffic, and in general the metalled width 
does not exceed 34 m. (11} ft.). Hence as soon as 
the traffic became at all dense trouble ensued forth- 
with. The vehicles, in pasring each other, were 
driven on to the unmetalled margins, cutting deep 
ruts in wet weather, and making the whole a mere 
mush. The metalled portion being no longer properly 
supported, began to spread, and, moreover, the 
wheels, as they came on or left the metalling, 
knocked pieces down into the slush at the sides. 
This further reduced the width of sound ground, 
thus aggravating the evil conditions. Fortunately, 
however, although narrow, the roads were numerous, 
and it was often possible to treat alternative routes 
as up and down lines. This method, often 
the only alternative possible at the time, has its 
drawbacks, and hence the plan of widening the 








metalled way to 5°5 m. or 6 m. was adopted wher- 
ever possible. In all, some 9,000 km. of road were 
thus widened by an average of 2 m., the work 
done being thus equivalent to the construction of 
about 3,000 km. of new road. 

At the outset of the war the organisation which 
normally maintained the roads was seriously upset 
by the withdrawal of men to the colours, This, 
however, did no particular harm, as it was found 
that an entirely different organisation was required 
for road repair and maintenance than sufficed in 
times of peace, and in the last year of the war over 
78,000 men were at one time employed by the 
French on this service alone, in addition to those at 
work in the British and Belgian areas. 

A more serious difficulty was the lack of adequate 
supplies of road metal and other paving materials. 
The pre-war practice had been to let contracts for 
road material in small lots to local undertakers, 
and for a period of five years only. The result 
was that contractors had no encouragement to 
equip their quarries with modern plant, but pre- 
ferred merely to work the most easily-won material. 
Moreover, in the northern area of operations there 
is almost a complete absence of rock suitable for 
road metal, that available being a soft limestone 
or a bad sandstone, which would not last more 
than a few weeks under traffic. It was thus neces- 
sary to seek better stone at a distance. 

New quarries were opened throughout France 
wherever suitable rock existed, and at one time 
there were 80 being worked to supply the needs of 
the Army. As, however, those nearest the scene 
of operations were developed, production from the 
more distant sources of supply was stopped. The 
question of transport was a difficult one. To supply 
the English area alone required the services of 
15 to 20 trains per day during the last year of the 
war, whilst in 1917 the consumption in the French 
area rose to 23,000 tons per day. This traffic was 
at first not regarded with favour by the railway 
authorities, road metal being heavy and awkward 
to handle; but as experience proved the all- 
essential need of maintaining the supply, matters 
improved, the army chiefs insisting that priority 
should be accorded to the trains carrying road metal. 
One train could transport just enough road metal to 
renew the surface of } km. of road. Up at the front 
great use was made of farm carts, which could go 
where lorries could not pass. The maximum 
number in use at one time was 2,275, haulage being 
provided by 4,550 horses. More carts could have 
been usefully employed, but no more horses could 
be had. In addition, 1,700 lorries were employed 
in transporting the metal, no less than 423,800 tons 
being thus moved in July, 1918. 

Road trouble first became severe in the course 
of the battles on the Yser, which brought to a stop 
the German rush to the channel ports. The weather 
was exceptionally rainy, and the roads became 
thoroughly waterlogged. The paved portion was 
only 3 m. to 3-5 m. (10 ft. to 11 ft.) wide, and was 
flanked by unmetalled side strips, which in the course 
of a few days of army traffic were reduced to quag- 
mires in which the edges of the “ pavé ” disappeared. 
No road metal was available, and, moreover, the 
narrow gauge railways, of which most of the rolling- 
stock had fallen into German hands, could not uave 
provided transport for it. The sole resource was 
to use brick, and after the ordinary stocks were 
exhausted walls were demolished to get additional 
supplies. The bricks were flung into the mud on 
each side of the road, and served to consolidate it. 
Old railway sleepers were also employed, either laid 
longitudinally as an abutment to the edges of the 
“pavé,” or transversely across the unmetalled 
haunches as a foundation for the broken brick. 

Some extraordinary difficulties arose in Cham- 
pagne during the thaw of February, 1915. The 
surface strata here are chalk, and during the long 
frost preceding the thaw, the roads had been 
frozen through to the sub-soil. When the thaw 
occurred the damage done to the roadway was, it is 
stated, such as to be incredible to anyone who had 
not actually seen it. Warnings were sent to the 
army chiefs that must be restricted for 
several days, but the advice was disregarded, and 
as @ consequence whole convoys, on entering the 
damaged roads, were, in a few instants, as completely 





stalled in the milky mud as if nailed in place. In 
subsequent years, emergency rations were issued to 
the troops for use during such periods of thaw. ~ 

On the German retirement which followed the 
Somme offensive in 1916, a specially heavy task 
awaited the road-builders.:: In the first place the 
French artillery had left the whole surface of the 
ground a chaos of intersecting shell holes, the 
destruction wrought being such that no trace could 
be found of a number of important roads, and it 
was only possible to locate them with the aid of 
the map. These roads, however, had to be made 
good, as it was impossible for railways to keep 
pace with the rapid advance. Work had to be 
carried on day and night, and as soon as the 
road was practicable it had to carry heavy military 
traffic of all descriptions. By means of throwing 
the metal on to the ground, under the very feet of 
the horses and under the wheels of the lorries the 
engineers ultimately succeeded in forming a service- 
able road. With the advent of bad weather, 
however, came the worst plague of all; the mud 
of the Woévre, which it is stated, acquired the 
worst reputation of any encountered during the war. 
To mitigate the evil, steps were taken to prevent 
mud being carried on to the roadway from the 
adjacent camps. The side ditches were enormously 
enlarged, and into these the mud was swept when- 
ever sufficiently liquid to be dealt with. This 
condition was secured if necessary by artificial 
watering. 

Roads of a temporary character had often to be 
constructed. For the most part these were made 
with planks 13 ft. long by 3 in. thick. These plank 
roads were found of great value during the pursuit 
of the enemy after his withdrawal on the Aisne and 
Oise and during his retreat in 1918 along the whole 
front from Nieuport to Verdun. On one occa- 
sion a plank road 1,800 m. long was constructed 
by 200 men in 36 hours. This lasted several weeks, 
whilst a more permanent roadway was being con- 
structed alongside. . 

The mines used by the Germans to blow up the 
roads were generally situated at crossways and 
preferably at low spots into which water would 
drain. The craters measured as much as 35 m. 
(110 ft.) in diameter, and were from 6 m. to 8 m. 
(21 ft. to 28 ft.) deep. In addition, many delayed 
ignition mines were fixed under the causeway, 
which exploded several days, and in cases weeks, 
after being fixed. Others were discovered in 
time to be rendered innocuous. The mine craters 
caused much less delay and inconvenience to the 
pursuing armies than the Germans had anticipated. 
When in open country the ground was rapidly 
levelled on one side of the crater, and in dry weather 
this levelled portion would carry horse-drawn 
vehicles and light artillery for several hours, whilst 
more permanent repairs were in progress. Where 
no suitable materials were available at the spot, 
these further repairs were made with fascines or 
planking. The plan adopted was to lay six lines of 
plank spaced at 0-80 m. centres. A second layer 
of planking was then nailed on top of these longitu- 
dinals, and held in position by kerbing at each side 
formed of planks nailed or spiked to the second 
layer. Seven hundred planks, 4 m. (13 ft.) long, 
sufficed to construct 100 m. of roadway, and the 
work could be done by a gang of 60 men at. the 
rate of 40 m. (130 ft.) per hour, and traffic could 
pass the moment the last nail was driven. These 
temporary deviation roads could be used without 
interfering in any way with the subsequent filling in 
of the crater. 

The experiences of the war have demonstrated, 
M. Lorieux states, that the speed of the traffic is 
@ more important factor in cutting up the roads 
than weight. It proved impossible, however, to 
control the speed, and the roads were only main. 
tained in fair condition by constant patching, 
filling in holes as they formed with any material 
available, even turf being used for this purpose, 
where nothing better was obtainable. ; 

Excellent results were obtained with tar paint- 
ing, but the tar being required for other purposes, 
little was available, and its use in the French sector 
was confined to roads at the front, where it was 
absolutely necessary to prevent the passage of the 
traffic being disclosed to the enemy by clouds of 
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dust. In the British sector more tar was available, 
and it was freely used. 

One point of importance emphasised by M. 
Lorient, is the necessity of confining the traffic 
to the metalled way. To this end stout piles were 
driven at frequent intervals along both edges. He 
states, further, that the crowning should not exceed 
one-fiftieth or, better, one-sixtieth of the width of 
the road. Otherwise the traffic seeks the centre of 
the roadway and ruts are quickly formed. The 
amount of road metal used by the French for 
road repairs and improvements amounted to 
27,000,000 tons. The development of the motor 
traffic may be judged from the fact that the total 
employed by the French Army at the start was 
between 6,000 to 7,000 vehicles ; and this increased 
to over 95,000 in the last year of the war. The 
British forces employed 45,000, plus 800 “ cater- 
pillar” tractors, and the American Army, 40,000. 
To this must be added the tanks, which, although 
capable of crossing almost any country, did not 
fail to make use of the roads when the conditions 
permitted. 





WHAT IS A TRADE DISPUTE ? 

Tat Mr. Justice Astbury has the courage of his 
convictions regarding the proper interpretation of 
the Trade Disputes Act is clear from the judgment 
which he delivered last week in the case of White 
versus Riley and Wood, which arose out of an 
attempt by certain members of a trade union to 
compel a fellow employee to join it and leave his 
own union. The parties were all leather workers 
in the employment of the Leamore Currying 
Co. at Walsall. The plaintiff, White, was a member 
of the Workers’ Union; the defendants, Riley and 
Wood, and the other employees in the shop were 
members of the Curriers’ Society, Riley, as the oldest 
employee, being the spokesman of the shop, and 
Wood being a member of the executive committee 
and a district delegate. After certain unsuccessful 
efforts had been made to get the plaintiff to leave 
the Workers’ Union and join the Curriers’ Society, a 
shop meeting was held on November 28, 1919, 
and as a result a letter in the following terms was 
sent to the employers :— 

Sir,—We hereby give you notice that we shall cease 
work on Friday next unless E, White joins our Society or 
leaves your employment. Signed on behalf of the 
shop.—W. Riney. - 

The employers apparently delayed taking action 
in the direction of dismissing the plaintiff, for 
some days, in the hope that the matter would be 
settled; but on December 5th, when the men’s 
notice was about to expire, they were reluctantly 
compelled to dismiss the plaintiff, without notice, 
in order to avoid a strike. The plaintiff who had 
been earning 71. 17s. per week, was out of employ- 
ment from December 5, 1919 until January 12, 1920, 
when he was re-engaged at the works, with the 
shop’s consent, on night work, on which he earned 
61. 28. 9d. a week. He raised an action to have the 
defendants restrained from interfering with his 
employment, and his right to dispose of his labour 
as he willed, and alleged that the defendants had 
conspired by threats, intimidation and coercion 
to cause his employers to terminate his contract of 
employment, which had been done without notice 
as insisted upon by the defendants. The defendants 
denied that they had done anything unlawful, and 
relied on the Trade Disputes Act, 1906. This 
raised the question whether the defendants had 
acted in contemplation or furtherance of a trade 
dispute within the meaning of the Act, viz, a 
dispute “between employers and workmen, or 
between workmen and workmen, . . . connected 
with the employment or non-employment, or the 
terms of the employment, or with the conditions of 
labour, of any person.” Now, in a similar case, 
Valentine versus Hyde, in 1919, Mr. Justice Astbury 
said that a trade dispute within the Act must be 
a dispute connected directly with employment or 
non-employment, and not a dispute about some 
entirely different subject-matter, the non-settlement 
of which may result in employment or non-employ- 
ment, and he held that in cases of this kind the 
real dispute is as to whether the workman shall 
join the union, and the consequences with which he 
is threatened if he refuses, such as unemployment, 





form no part of the dispute. This view was criti- 
cised by Mr. Justice Peterson in the Electrical Trade 
Unions case, Hodges versus Webb, recently noticed 
in these columns, who said that if it was correct it 
would seem that the common difference between 
workmen and workmen on the subject of non- 
unionist labour is excluded from the operation of 
the Act, for the objection is not to their employment 
simpliciter but to their employment because or if 
they do not join the union. Mr. Justice Astbury 
has, however, adhered to the opinion expressed in 
Valentine versus Hyde, and has held that in the 
present case there was no trade dispute. “The only 
dispute,” he said, “‘ was on the question to which 
union the plaintiff should belong, and none of his 
fellow- workmen objected to his employment as such. 
All were perfectly willing to work with him, if he 
would comply with their demands.” He therefore 
held that the defendants were not protected by 
the Trade Disputes Act, and he granted the injunc- 
tion and found them liable to the plaintiff in £75 
damages. 





NOTES. 
Gretna AND Watroam ABBEY EXPLOSIVES 
FactToriks. 

A majority report signed by all but one of the 
committee appointed by the Ministry of Munitions 
to consider the future of the Gretna and Waltham 
Abbey explosives factories, has recommended that 
the former be retained and the latter abolished. 
The report points out that the Gretna factory is 
@ modern one in every sense and is practically 
complete, and that it would be still more so if a few 
of the at Waltham were transferred at 
small cost to Gretna. This refers to the presses for 
rifle cordite, and the plant for Black Powder and 
Picric powder. Waltham Abbey factory, which is 
now old, and has a lay-out that isinconvenient and 
cannot be improved on the existing site, might be 
closed down altogether. It is suggested that the 
Gretna ether plant might be used for purposes 
outside the requirements of the factory itself, for the 
supply under Government control of cheap duty-free 
alcohol and ether, in order to give an incentive to 
industries requiring solvents. A small grant is 
proposed so that alterations may be made in order 
that experiments on a commercial scale may be 
tried in the manufacture of methyl-alcohol suitable 
for the dye industry. It is pointed out that work 
in this direction would not compete with existing 
trades, but would help existing industries. The 
minority report, which is signed only by Sir William 
Pearce, proposes to retain Waltham Abbey works as 
sufficient for the requirements of the country and 
to cut the whole loss at once on the Gretna factory. 


Tue IntsH Coat Inpustry. 


It is not generally realised probably that there 
is a coal mining industry in Ireland of some latent 
possibilities. The industry it is true only turns 
out now about 90,000 tons per annum, while not 
far short of 4} million tons are imported into the 
island. The Government committee which has re- 
cently had the subject under consideration is of the 
opinion that the output might be improved up to a 
possible 500,000 tons a year. This seems rather 
optimistic in view of the fact that the Irish deposite 
occur only in thin seams and that development is 
therefore expensive. The industry has since the 
middle of last century been affected by competition 
by imported coal, that is tosay, as soon as transport 
facilities increased, serious competition developed. 
Now that the cost of transport is rather higher 
and English wages are higher, there would appear 
to be some prospect of developing the Irish industry. 
In fact the demand is said to be considerably greater 
at present than any possibility of supply. The 
coal is mostly good anthracite, and the proved 
reserves apparently amount to about 180,000,000 
tons, with other probable reserves amounting to 
about 48,000,000 tons. For further development 
it appears to be to provide better transport 
in some districts, and more housing accommodation. 
It is estimated that suitable houses could be put up 
for 5001. as most of the material would be available 
on the site. In order to develop the industry on 
sound lines, it is proposed that several changes shall 
be made in the Government control of this industry. 








A my ramen of mines should be established within 
the partment of Agriculture and Technical 
Instruction, which should administer the coal mines 
regulations, &c. Adequate and competent geological! 
staff should be provided. The Minister should have 
exploration powers on suitable terms of compensa- 
tion, and should also be able to lease mines not 
being adequately worked or developed. It is also 
recommended that the State should assist the housing 
difficulty by subsidies for building and repairs in 
certain cases. Finally there should not for the 
present be any restriction of mine owner’s profits. 
Certain advances of pay are conceded. The report 
proper records no opinion on the question of 
nationalisation, having taken no evidence in favour 
of it, but three of the members of the committee 
have thought fit to have added to it an addendum 
in which they give their ideas on the point. These 
are strongly in favour of State development, whether 
commercially practicable or not, and of national 
ownership. 


Power Station PROGRESS. 


Although every power station has its own points 
of interest and its own peculiar problems, none the 
less the modern station has become to some extent 
a standardised article, and the subject is not one 
which in general lends itself to any very original 
type of description. Numerous stations are dealt 
with from time to time in the technical press and in 
papers read before technical institutions, but the 
authors of these descriptions frequently appear to 
have difficulty in thinking of anything new to say. 
In view of this Mr. J. 8S. Watson is to be congratu- 
lated on his paper which was read before the North- 
East Coast Institution at Newcastle last Friday. 
The paper dealt to a large extent with Carville “ B,” 
the latest station of the Newcastle Supply Company, 
but the description was vivified by Mr. Watson 
leading up to it by a view of the various stations 
which historically preceded it in Newcastle. 
Mr. Watson divided his history into four chapters, 
or stages. The first covered the period from 1890 
to 1899 when supply was restricted to lighting. 
The average size of generating units at this time was 
200 kw., and the rate of growth of supply was 
155 kw. a year. The second chapter covered 1899 
to 1906, when the supply of current for power was 
developing. The annual rate of increase of supply 
was then 5057, kw., and the average size of units had 
increased to 2,453 kw. The third period, from 
1906 to 1912 saw the development of the utilisation 
of waste power from coke ovens and blowing engines, 
and the annual rate of increase of supply was 
11,942 kw. The waste-heat stations averaged 
2,310 kw. capacity. The fourth stage, from 1912 
to 1919, did not show any striking departure in 
method over earlier periods, but may be looked 
upon as the era of the big unit. During the period 
the average annual increase in supply was 9,714 kw., 
and the average size of new units installed was 
11,330 kw. Some striking comparative figures were 
given for four of the stations concerned in the 
development. These were Pandon Dene, the 
earliest station, which was fitted with slow-speed, 
horizontal engines, and had a total capacity of 
2,400 kw. ; Neptune Bank, with slow-speed marine 
type engines and a total capacity of 5,200 kw. ; 
Carville “A,” the first turbine station which with 
extension reached a total capacity of 43,000 kw. ; 
the size of unit averaging 5,400 kw. ; and Carville 
“ B,” with 10,000 kw. units and a total capacity of 
50,000 kw. Comparative figures for these stations 
are for steam consumption per kilowatt-hour :— 
Pandon Dene, 28-5 lb.; Neptune Bank, 18-8 Ib. ; 
Carville “A,” 14-5 lb.; and Carville “‘ B,” 10 Ib. 
The relative figures for kilowatt capacity per square 
foot of area occupied are 0-3 kw., 0-85 kw., 8-9 kw. 
and 15 kw., while the figures for kilowatt capacity per 
man engaged in operation are 141 kw., 145 kw., 
409 kw. and 633 kw. 


Economy or Low-TEMPERATURE Gas GENERATORS. 


The ordinary Mond gas generator is better 
adapted to the recovery of the ammonia than to 
the recovery of the tar, and the tar produced is 
poor in lubricating oils, because the tar liberated 
is partly decomposed by passing through layers of 
fuel at high temperature. That fact became very 
important in Germany during the war, and the 
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German Institute for Coal Research at Milheim, to offer their congratulations to several members 


on the Ruhr, devoted its main attention to 
the preparation of a low-temperature tar of higher 
lubricating value. While Franz Fischer and W. 
Gluud* worked out the problem of low-temperature 
carbonisation of coal and lignite with special regard 
to a high yield of “‘ Urteer,” i.¢. the tar in the 
original condition, Dr. Heckel, chemist to the 
Deutscher Kaiser Colliery at Bruckhausen, found 
means of extracting lubricating oils from this low- 
temperature tar. The economy of the gas producer 
was thus put on a different basis, and the present 
aspect of the problem was reviewed at length on 
behalf of the Verein deutscher Hisenhiittenleute 
by Dr. E. Roser in “ Stahl und Eisen”’ of March 11, 
18, and 25 last, on pages 249 to 358 and 387 
to 395 of those issues. The report refers in 
particular also to the experimental runs con- 
ducted for three years in a gas-producer plant 
of the Works of Thyssen and Co., of Miilheim, 
but deals with the general economic considerations 
rather than with technical detail. The plant 
consists of 15 gas-producers, system Thyssen, 
provided with revolving grates to which air and 
steam are introduced from below ; the tar vapours 
are, in their removal, drawn through cooler, and 
not through hotter, layers. Mention is also made of 
a Holzwarth gas-turbine for 700 kw., the spent 
steam of which is to be sent into the gas-generators 
to raise the ammonia recovery. Whether that gas- 
turbine will more effectually overcome the very 
serious difficulties that the efficient working of gas- 
turbines causes than did the turbine which Holz- 
warth described before the war, remains to be seen, 
But the economic questions discussed by Roser 
are interesting. In 1914 tar from gas generators 
fetched 40 marks per ton at the best, and 1 ton of 
coal yielded 50 kg. of tar, worth about 2 marks ; it 
was more advantageous then to work for 
ammonium sulphate than to push the tar yield. 
The new low-temperature tar proved much more 
valuable ; it contained 40 per cent. of light oils 
(against 17-5 per cent. in the old tar) ; 17 (6) per cent. 
of lubricating oils; no naphthenes ; anthracene, &c. 
(11 per cent); 2 (0) per cent of paraffin and fats), 
and 40 (39) per cent.-of pitch. It was, moreover, 
found that the vauable properties of the new tar 
were practically retained when the coal was mixed 
with half its weight of lignite ; lignite is one of the 
most important mineral resources of Germany. 
By itself, the lignite yielded 25 kg. and more of 
tar, free of water; in the mixtures of coal and 
lignite the tar yield rose to 75 kg. per ton of fuel, and 
the value of the tar (up to 16 marks per ton in pure 
coal) to more than 6 marks. Roser appears to dis- 
regard, in his comparative estimates, the extra- 
ordinary rise in prices that Germany has experienced 
during and after the war, though he refers to 
changes in official dues. He deals, moreover, with 
specifically German conditions. But one may 
probably accept his conclusion that with high coal 
prices, low-temperature carbonisation combined with 
recovery both of tar and ammonia, is economically 
advisable, when the gas is to be utilised both for 
power and for heating purposes. 





THE IRON AND STEEL INSTITUTE. 

Tux fifty-first annual general meeting of the Iron 
and Steel Institute was held yesterday and is being 
continued to-day at the hall of the Institution of 
Civil Engineers, Westminster, Mr. Eugene Schneider, 
the retiring president, occupying the chair at the 
beginning of the proceedings. 

Tue Report or THE CoUNCIL. 

This opened by stating that at their meeting on 
November 20, 1919, the council nominated Dr. 
J. E. Stead, F.R.S., vice-president, to succeed M. 
Schneider as president of the Institute. The notice 
of Dr. Stead’s acceptance of the office was received 
with great gratification by the members. 

During the past year 153 new members and 14 
associates were elected, and the total membership on 
December 31 was : Patron, 1 ; honorary members, 4 ; 
life members, 75; ordinary members, 2,040; 
associates, 61; total, 2,181. 

The council took the opportunity of the meeting 


* Com Coal Research in Germany, Encrxeerine, 
August 15, 1919, page 217. 








who had honours conferred upon them. Mr. 
Schneider had been awarded the Cross of an Officer 
of the Legion of Honour; also on the occasion of 
his recent mission to the United States he was 
elected an honorary member of the American Iron 
and Steel Institute. He received the honorary 
degrees of Doctor of Science of the Universities of 
Pittsburgh and Cleveland and of Doctor of En- 
gineering of the Stevens Institute of Technology, and 
had conferred upon him the Freedom of the City of 
Pittsburgh. He also received the gold medal of 
the American Institute of Mining and Metallurgical 
Engineers. Colonel John Roper Wright had been 
created a baronet. Mr. Christopher T. Needham 
had the honour of knighthood conferred upon him. 
Mr. H. Dennis Bayley and Mr. T. Harris Spencer 
had been created Knights Commanders of the Order 
of the British Empire. Major W. Burnyeat had 
been awarded the Distinguished Service Order. 
General R. K. Bagnall-Wild had received the Order 
of the Cross of St. Michael and St. George. Mr. C. J. 
MacGuckin, Dr. A. McWilliam, and Mr. R. P. Sloan 
had conferred upon them the Commandership of the 
Order of the British Empire, and the following had 
been created Officers of that Order: Captain C. A. 
Ablett, Mr. H. Bates, Lieutenant-Colonel J. G. 
Needham, D.8.0., Captain P. W. Smith, and 
Mr. Frank Somers. The Freedom of the Black- 
smiths’ Company had been conferred on Mr. 
Schneider, and on Sir William Beardmore, Bart. 

The accounts of the Institute showed that the 
total receipts during the year under review, excluding 
the income derived from the Carnegie Research 
Fund, were 5,9791. The expenditure for the same 
year reached 7,088/., thus revealing a deficit on 
the accounts for the year 1919 of 1,1091. Not- 
withstanding that the income had exceeded that of 
any previous year in the history of the Institute, it 
had unfortunately been insufficient to meet the 
increased expenditure, due principally to the greatly 
enhanced cost of printing and publishing the 
Journal. 

In these circumstances it had been found necessary 
partly to meet the deficit by realising some of the 
invested funds of the Institute, and 1,000/. of 5 per 
cent. War Stock (1929-1947) was sold for this 
purpose, the balance being met by a temporary 
advance from the accumulated income of the 
Carnegie Scholarship Fund. War Loan Stock to the 
amount of 1,000/. had since been transferred from 
the invested funds of the Institute in part discharge 
of this advance. The whole situation had received 
the careful consideration of the council, who 
appointed Mr. Illtyd Williams (hon. treasurer), 
Mr. Steer, Mr. Rylands and Mr. Harbord, a Finance 
Committee to deal with the matter. Acting on the 
recommendations of this committee, the council 
had now under consideration the question of raising 
the annual subscription. As, however, no such 
action can become operative without amending the 
bye-laws, and as no resolution thereto can take 
effect before 1922, the council had recourse to an 
appeal to the members voluntarily to increase the 
amount of their subscriptions in the current year, an 
expedient which it was hoped would, in the interim, 
enable the Institute to meet the deficiency which it 
was anticipated would again occur in the forthcoming 
twelvemonth. 

The income of the Carnegie Research Scholarship 
Fund during 1919 was 1,018/., and the expenditure 
was 5251. The surplus income over expenditure 
was therefore 4931. 

Spectra, Funp. 

In April, 1919, the council invited the iron and steel 
makers of the United Kingdom to subscribe to a 
Special Fund, the interest on which should be 
applied to the extension of the work of the Institute. 
and of the various technical committees formed to 
promote metallurgical practice, and to assist by 
donations and annual subscriptions educational 
schemes for scientific, technical and industrial 
training. In response to this appeal a sum of 
11,0362. was subscribed, of which 17,6161. was 
actually received before the end of the year, with 
promises of a further 3,420/. during the next two 
years. 

ComMITTEE Work. 
During the year a number of meetings had been 





held by the Technical Committees appointed in 
1917. The Sub-Committee on the Production of 
Sound Steel delegated to Mr. F. W. Harbord, 
C.B.E., the collection of details of the various 
processes extant for the manufacture of sound 
ingots, and an interim report had been received from 
Mr. Harbord, which will be duly considered by the 
committee. The Sub-Committee on Standard Steels 
had held three meetings, two in London and one in 
Sheffield. Standard steel ingots had now been 
selected by five of the district authorities, as follows : 
Middlesbrough (carbon, 0-1 per cent.); North 
Midlands (carbon, 0-66 per cent.); Glasgow 
(sulphur, 0-03 per cent.); South Wales (sulphur, 
0-07 per cent.); Birmingham (phosphorus, 0-076 
per cent. to 0-080 per cent.). The North Midland 
(Sheffield) authority’s selected ingot had been sent 
to Teddington for ultimate check analyses and 
preparation of standards. 


THE NEW PRESIDENT. 

Mr. Schneider, the retiring President, then 
inducted into the chair the new President, Dr. Stead, 
and said that Dr. Stead’s election showed the 
co-operation which existed in the Institute between 
the metallurgical industry and science. Thanks to 
Dr. Stead’s work the history of a metal could be 
read at the various phases of its manufacture. 
His own (Mr. Schneider’s) election was a compliment 
also to France. It showed how bonds of fellowship 
had been formed during the war between the two 
countries ; those bonds would be followed up in 
peace and the Institute would form one of the 
permanent links joining the allies together. 

Sir Robert Hadfield and Mr. Arthur Cooper 
expressed the thanks of the Institute to Mr. 
Schneider for his period of chairmanship. 


THE BessEMER GOLD MEDALLIST. 


The first duty performed by the new President 
was to present the Bessemer gold medal for 1920 
to Mr. Harry Brearley. In doing so, Dr. Stead 
traced Mr. Brearley’s career; and the latter, in 
responding, paid tribute to the assistance he had 
always received from his brother, Mr. A. W. 
Brearley, and to the indebtedness he owed to every 
member of the stafis with whom he had been con- 
nected throughout his life. 


FREEDOM OF THE BLACKSMITHS’ COMPANY. 


Dr. Stead then announced that the freedom of the 
Blacksmiths’ Company had been conferred on 
Mr. W. H. Cathcart, Renfrew, the author of the book 
entitled “Value of Science in the Smithy and 
Forge.” 

PRESIDENTIAL ADDRESS. 

Dr. Stead next proceeded to deliver his presidential 
address. 

This was a condensed review of the progress 
made during the past fifty years in the ferrous 
industries, period during which Dr. Stead had been 
connected with metallurgy. The address was 
divided into sections and, commencing with the 
blast furnace, Dr. Stead pointed out the conditions 
which ruled in 1870 and the developments which had 
taken place down to the present day, from the 
standpoints of dimensions, the proportioning of the 
various parts of the furnace itself, its accessory 
apparatus, the actual working, special stress being 
laid upon the utilisation of the blast-furnace gas ; 
the recovery of the heat in the blast-furnace slag 
was also referred to. Dr. Stead said it was now 
universally admitted that the coke ovens should be 
close to the blast furnaces, and this was still more 
necessary if steelworks were in association with the 
blast furnaces, when all the excess of coke-oven 
gas could be used in the steel works. 

After reviewing the manufacture of iron in the 
puddling furnace, Dr. Stead dealt with the early 
attempts to make steel from phosphoretic irons 
and gave a history of the basic Bessemer process, 
a process which put an end to the early attempts 1” 
question. He traced the development of the basic 
Bessemer process from its inception, and indicated 
the progress which gradually took place both 
in regard to the use of suitable materials—for the 
lining of the converters and for carburising the heat 
notably—and in the carrying out of the process 
itself, until this was made a complete success. In 
the matter of Bessemer steel proper, he pointed out 
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that in a little more than fifty years this acid steel 
which had practically superseded wrought iron for 
rails and other material was now superseded by 
open-hearth steel. 

His remarks on the open-hearth process covered 
manufacture from the first operations; one of the 
great metallurgical advances during the period 
under review was the use of liquid metal from the 
blast furnace and the introduction of the mixer. 
The address dealt with the various methods of 
working the open-hearth process, the dates when 
these methods were introduced, typical charges and 
analyses, the names of metallurgists and works, 
and outputs being given. 

Soon after 1914 a large number of electric melting 
furnaces—mainly of the Héroult type—were erected 
in this country to deal with the enormous mass of 
shell borings produced. The electric furnaces had 
been used largely to replace crucible melting and 
had come to stay. Immense quantities of special 
alloy steels were made by their aid and, since the war, 
in one works at least, the greater part of crucible 
steel had been replaced by electric steel. At the 
end of 1918, the number of electric furnaces of all 
types in England was about 140, having a pro- 
duction of about 150,000 tons a year, and a trans- 
former capacity of nearly 100,000 k.v.a. The 
possible production to-day, if all furnaces were 
worked to their full capacity, was about 300,000 
tons per year. 

The important subject of “‘sound steel ingots ”’ 
formed a special section in the address, and in this 
Dr. Stead reviewed the work carried out by various 
metallurgists, on various lines, to obtain sound 
steel, i.e., thermal methods, and those in which 
hydraulic pressure is applied to the ingot during the 
process of its solidification. 

After dealing with the Wellman furnace charging 
machine—one of the most important developments 
in connection with the open-hearth process—with 
the utilisation of basic slag, and the use ot powdered 
coal in steel manufacture, Dr. Stead pointed out the 
position which science now held in practical metal- 
lurgy. He showed the progress which had been 
made in analytical chemistry and referred in detail 
to the birth and the development of metallography, 
a science in which the names of Sorby and Arnold, 
Osmond and Le Chatelier, Howe and Sauveur, stood 
out prominently.as the pioneers, a science in which, 
we may be allowed to add, Dr. Stead has acquired 
a world-wide reputation. 

The address closed with reference to the encourage- 
ment of research which had been afforded by 
members of the Institute, namely Sir Henry 
Bessemer, Andrew Carnegie and Sir Robert Had- 
field. The Institute, moreover, had from time to 
time subscribed considerable sums for the advance 
of education and research outside its own body, but 
had not donated anything towards the encourage- 
ment of research by its own members, a condition 
of things which it was hoped would be remedied in 
the near future. Coupled with this question of 
research was that of technical education, and Dr. 
Stead stated the example of his lectures on steel 
to workers in his district ; the scheme for acquiring 
knowledge started by the workers of Messrs. Brown, 

Bayley’s Steel Works, Sheffield, and similar move- 
ments in connection with other establishments, were 
also mentioned. The work of the Institute in this 
respect was also alluded to, and suggestions thrown 
out for increasing the usefulness-of central London 
technical institutes, one being the passing on to local 
institutes of papers for their further discussion in 
the provinces. The address formed a most com- 
plete and interesting compendium on ferrous 
metallurgy ; it will repay careful reading and will 
be found most useful for reference purposes. 

A vote of thanks to the President for his address 
was moved by Professor Henry Lewis, who expressed 
satisfaction at the emphasis which had been laid 
by Dr. Stead on the advantage of scientific training 
throughout. The address as a whole afforded an 
example of the care which the president gave to all 
matters. 


The first papers on the p mme were then 


rogra 
read and discussed. We shall deal with these and 


with the continuation of the proceedings in our next 
issue, 


(To be continued.) 





LITERATURE. 
———>———— 
BDlectricity in the Service of Man. A Popular and 
Practical Treatise on the Applicati of Electricity to 
Modern Life. By R. ULLINEUX WALMSLEY, 
D.8e.(Lond.), F.R.S.E., Principal of the Electrical 
a Department of the Northampton Poly- 
technic Institute, London. Vol. Il. Technology of 
Electricity, Section II. London: Cassell and Co., 
Limited. [Price 10s. 6d. net.] 


Tuts volume is a portion of a large and compre- 
hensive work of which substantial portions have 
already appeared. The uses of electricity are so 
many and varied, that to describe them all with any 
approach to thoroughness is to undertake a task of 
no ordinary difficulty. Few would care to travel 
over the whole field of technical operations involved 
in the many applications of steam, and in electricity 
the range of operations is even wider. Considering 
that the publication of the successive volumes has 
undoubtedly been very seriously delayed by the 
war, it appears to us that it would have been 
desirable to give—even at the risk of repeating 
information already published—some clear indica- 
tion of the scope of the work and of the plan on 
which it is organised ; but no word of preface or 
explanation is vouchsafed. It is, therefore, equally 
impossible for the reader into whose hands the 
book now comes for the first time to decide whether 
the plan was judiciously conceived, or successfully 
carried out. 

The work certainly suffers one inconvenience, the 
publication——probably owing to no fault of the 
author or publisher—has certainly been long 
drawn out. The first instalment was issued early 
in 1911, the second contribution followed in 1913, 
and the third is now before the public. We 
are promised 3,000 illustrations in all, apparently 
only one-half has now appeared, from which it may 
be concluded that the end of the complete work is 
yet far distant. From internal evidence it is to be 
inferred, that the theory of many of the instruments 
appeared in the earlier volumes, and the separation 
of the theory from the method of application is, to 
say the least, unfortunate. For instance, this 
instalment opens with a chapter on alternate-current 
motors and a sense of disappointment will probably 
be experienced on reading in the first sentence, that 
as the principles underlying the construction and 
working of these machines, both monophase and 
polyphase, have already been presented in the first 
volume, only the application will be considered now. 
The same sentence further indicates an arrangement 
which is not without objection, for the purpose of 
the present chapter is declared to be the description 
of several representative machines that illustrate 
those principles. This gives the opportunity for 
reproducing the diagrams of apparatus designed 
by many eminent firms for effecting definite purposes, 
but at the same time it gives the book mcre or 
less the appearance of a trade catalogue. This 
feature, which grows increasingly prominent in sub- 
sequent chapters, is common enough in semi-popular 
works, where it is not unusual to describe “systems ” 
rather than discuss principles, but in this treatise 
the practice is carried to excess. 

We notice, too, a tendency to disparage the use 
of mathematical investigation. In one passage the 
grounds for this mistrust are assigned to the in- 
adequate methods of approximation, frequently 
adopted by mathematicians, by which the influence 
of small factors is neglected, “ and pretty geometrical 
demonstrations are developed, some of which may 
be regarded as mere intellectual exercises.’ There 
are, however, it is intimated, other demonstrations, 
which are of real practical value, which enable “ the 
designer to predetermine the performance of a 
motor not yet constructed.” 

Dr. Walmsley is at his best when theoretical 
considerations are in abeyance, and he is explaining 
the purpose for which a machine is designed. In 
the chapter on dynamo and motor testing, for 
example, where methods have become stereotyped 
by experiénce, the arrangement and description 
leave little to be desired, though one may be inclined 
to dissent ‘from the statement that the objects of 
test instituted by the manufacturer and the user 
of the machine are not identical. 

The important subject of “Transformers” is 





treated under the four divisions of “‘ Static transfor- 





mers,” “ Kinetio transformers,” ‘Secondary Bat- 
teries” and “Reotifiers.” The technology is 
sufficiently full, the development is easily followed, 
the illustrations are informing, and most important 
of all, references to earlier volumes are, not so 
In the section on the transmission and distribution 
of electrical energy a new subject is opened, and 
again the technical details are well explained. 
Whether the description refers to the supports 
carrying an overhead wire, or to the troughs in 
which an underground cable is solid laid, there is 
not much room for mathematical investigation. 
When the voltages rise, however, to 150,000 volts, 
problems have to be considered that are rather 
hinted at, than solved. There are limiting factors 
not yet reached—for skill and daring rise with the 
emergencies to be met—that determine the possible 
voltage for overhead transmission about which more 
information might have been usefully provided ; 
but the chapters on this subject, which include the 
provision of substations and of protective gear for 
electric circuits are exceedingly interesting as they 
demonstrate the possibility of new sources of energy 
and the flexibility of electricity, the ingenuity 
exhibited in dealing with and controlling enormous 
forces, and the judicious combination of means to 
produce the most economical result. Those who 
possess the earlier instalmenis of Dr. Walmsley’s 
work will heartily welcome the additional volume 
now under notice, and they will no doubt be 
anxious for the appearance of the further instal- 
ments required for its completion. As a whole, it 
will undoubtedly form a very useful book of 
reference. 
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RESEARCH AND EpucATION In AERONAUTICS.—From 
a statement issued by the Secretary of the Air Ministry, 
issued on Tuesday last, we learn that the reeommenda- 
tions of a committee under the chairmanship of 
Sir Richard Glazebrook, appointed by the late Secretary 
of State for Air, Lord Weir, to replace the Advisor 
Committee for Aeronautics by an Aeronautical Researc 
Committee, and also to establish a Department of Aero- 
nautics at the Imperial College of Science, have been 
adopted. The principal terms of reference of the 
Aeronautical Research Committee are to advise on 
scientific and technical problems relating to the con- 
struction and navigation of aircraft; to undertake, 
or supervise, experimental or research work; to take 
over complete responsibility for the Air Inventions 
Committee and for the Accidents Committee ; to promote 
education in aeronautics by co-operation with the 
governors of the Imperial College; and to assist the 
aeronautical industry of the country by scientific advice 
and research, The members of the committee appointed 
are Professor Sir R. Glazebrook (chairman), Wing- 
Commander W. D. Beatty, Lieutenant-Colonel E. Gold. 
Air Commodore H. R. M. Brooke-Popham, Wing- 
Commander T. R. Cave-Brown-Cave, Professor L. 
Bairstow, Professor Sir J. E. Petavel, Mr. Alex. Ogilvie, 
Mr. H. White Smith and Mr. J. D. Siddeley, with the 
following scientific representatives : Professor H. Lamb, 
Professor W. E. Dalby, Professor B. M. Jones, Mr. G. I. 
Taylor, and Mr. H. T. Tizard; Mr. J. L. Nayler will act 
as secret and Mr. J. G. Gibson as assistant secretary. 
Sub-committees will be appointed to deal with accidents, 
air ferententy aerodynamics, engines, meteorology and 


navigation other matters,asrequired. The organisa- 
tion and sta of the Department of Aeronautics at 
the Imperial Co are proceeding under the direction 


of Sir Richard Glazebrook, as Zaharoff Professor of 
Aviation, and the recommendation of a grant from 





blic funds towards the cost of the department has 
rem approved. 
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NOTES ON NEW BOOKS. 


A aoop number of the troubles experienced by the 
everyday user of machinery are due more to neglect, 
or perhaps one should say to uninstructed care, rather 
than to defects of design, or material. It is difficult 
for a really skilled man always to realise what the 
ordinary user is capable of doing, or failing to do, 
to machines under his care, and statistical records 
of the effect of such usage, when obtainable, are of 
considerable value. From this point of view we would 
commend a little booklet recently published by the 
National Boiler and General Insurance Company, of 
Manchester, at the price of 1s. The booklet is entitled 
“* Notes on Gas and Oil Engine Accidents,” and is 
intended for users of such engines. It describes the 
more usual forms of such accidents and their causes, 
and gives information which should enable them 
frequently to be avoided. The information in the 
book is based on the experience of the company, and 
should be of interest to engineers even though many of 
the methods proposed naturally concern the A BC 
of their business. There are some points, however, 
which will be new to many engineers, as, for instance, 
the bursting of the plugs of stopcocks owing to the 
freezing of the water trapped inside them. The 
remedy proposed is the drilling of a hole in one side 
so that the plugs drain themselves. 





There are various ways of compiling technical pocket 
and reference books, and it is not possible to say that 
any one of them is best. In the limits the methods 
approach either a collection of data and definitions 

alphabetically, or fully indexed, or, on the 

other hand, a collection of short treatises dealing 
each with some branch of the subject covered by the 
work. The first type is the more immediately useful 
for reference, but the information supplied is to some 
extent necessarily brief and disconnected. The second 
type, given the time and patience to employ it properly, 
should in the end supply fuller and more usable informa- 
tion. This second type, to be as useful as it can be 
made, should contain a very adequate index, and we 
are inclined to criticise ‘‘ Whittaker’ s Electrical Engineers 
Pocket Book” on this score. A new edition of this 
work, edited by Mr. R. E. Neale, has just been pub- 
lished by Sir Isaac Pitman and Sons, at 10s. 6d. net, 
and shortly after receiving a copy we happened to 
want to check the definition of “lumen.” The index 
proved to be no help, and it was necessary to glance 
through a fair part of the section on “ Light and 
Photometry ” to find what we required. The informa- 
tion was given very clearly and adequately, but the 
incident illustrates what seems a defect in the 
publication. The various sections appear very com- 
plete and informative, and on such subjects as switch 
pares electro-chemistry much matter appears to have 
brought ther which cannot be found collected 
elsewhere. Each section forms a brief treatise and is 
logically arranged so that it may be read through 
systematically. A perusal of the whole book would 
be valuable not only to the student, but to the practical 


engineer in giving an adequate review of various 
electrical fields with which we may not normally be 
concerned. 





The subject of coal conservation is one on which we 
have had a good deal of advice lately. It is admittedly 
of immense importance to the nation, as it is naturally 
desirable to defer as long as possible the day when 
we shall become dependent upon foreign supplies. 
The Coal Commission has given us its views on the 
subject, which, however, have been seriously called 
in question. Sir Dugald Clerk and Mr. Brownlie 
have discussed the point, and now we have Mr. W. H. 
Casmey bringing torward his views in a small book 
entitled ‘‘ Coal. Economy” (Charles Griffin, London, 
2s. net). Mr. Casmey’s estimate is for a possible 
economy of something like 50,000,000 tons. He 
suggests that most Lancashire boilers are designed with 
too large a grate area, and would be more economical 
if this feature were reduced. In many cases economy 
has followed on conversion. Eighteen million tons of 
coal is the author's estimate for possible economy in this 
direction. To this he adds from 7,000,000 tons to 
9,000,000 tons which could, in his opinion, be saved 
by proper attention to draught conditions, and economy 
in fuel salved from ashes i nother 10,000,000 tons. 
Finally, if a few simple rules be attended to with 
regard to domestic fires the author points out that a 
considerable saving is ible from this source. The 
author ises the fact that individual plants are 
unavoidable in many instances and could not be 
replaced by power production in bulk. His book is 
intended to epply to the improvement of existing 
plants and their control, and many of his points are 
worth attention. 





Tus Moror-Sar Funtacar.—We are informed that 
the motor ship Ful , which was built by Messrs. 
Cammell Laird, Bir , for the Anchor-Brocklebank 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
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Line, and fitted with the new “ arg gy rade gel 
oil engine, which was illustrated and descri on 
page 144 ante, ran highly satisfactory trials last week 
off the Mersey. 


Tue NotrmcHam Soorety or Encrvgers.—On 
Tuesday, April 27, members of the Nottingham Society 
of Engineers, to the number of about 80, visited the 
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works of Messrs. Herbert Morris, Limited, Loughborough, 
where they were shown various t and sizes of cranes, 
runways, telphers, hoists, pulley blocks, &c., in finished 
state, in course of manufacture and at work. The 
visitors very favourably commented upon the organisa- 
tion of the company for specialising on repetition lines, 

with arrangements made for the welfare 
of the employees. 
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CoNnvERSION oF GuNBOATS INTO CarGo STEAMERS.— 
Messrs. J. Samuel White and Co., Limited, East Cowes, 
I.W., inform us that they are now converting eight 
“* Kil’ Class gunboats into cargosteamers. The majority 
of these vessels were built by Smiths’ Dock Company, at 
Middlesbrough, and their dimensions are, generally, as 
follows: Length between perpendiculars, 170 ft. ; beam, 
20 ft. 10 in.; and depth, moulded, 16 ft. 6 in. The 
conversion is being carried out in compliance with British 
Corporation Rules, Class B.S.* and the work includes the 
straightening of the stem and the building of a forecastle. 
Each of the boats is equipped with two boilers, of which 
the forward one has to be removed and the space adapted 
to a cargo hold, The existing triple-expansion engine 
will remain in its original position, and will give a speed 
of about 10 knots, The conversion allows for a dead- 





weight capacity, including bunkers, of 650 tons, of which 
the coal bunker capacity is to be 80 tons. The forward 
cargo hold is to have a capacity of 23,000 cub. ft., with 
a cargo hatch 38 ft. by 19 ft., and the after cargo hold 
5,900 cub. ft., with a cargo hatch of 22 ft. by 11 ft. Two 
steel masts are to be fitted to each boat, and a wood 
derrick having a 3-ton lift is to be placed at each mast, 
A cargo winch 6 in. by 10 in., will be fitted at each hatch, 
Accommodation has to be provided for 19 officers and 
men in each ship. The crew will be berthed under the 
forecastle, and the side plating amidships will be extended 
to enclose the bridge space, where accommodation will 
be provided for the officers on the main deck, while the 
chart and wheel-house will be on the bridge deck. The 
time occupied in the work of converting each ship is 
expected to average about two months. 





OIL ENGINES OF THE MOTOR SHIP 
. “ NARRAGANSETT.” 

Tue illustration on page 624 shows one of the main 
propelling engines of the motor ship Narragansett which 
been constructed and engined by Messrs. Vickers, 
Limited, of Barrow-in-Furness. The boat has been 
built for the Anglo-American Oil Company and is to 
be followed by a sister ship, the Seminole. The 
Narragansett was launched in Wecnniiee last and will 
undergo her sea trials this month. She is a boat of 
14,000 tons displacement at her mean draft of 26 ft. 
Her deadweight capacity is 10,050 tons, her length 
between pe iculars 425 ft., moulded breadth 
56 ft. 8 in., and moulded depth to upper deck 33 ft. 
She is designed to carry a normal of 9,420 tons 
of oil and 510 tons of oil fuel. The t is built on 





udinal centre-line bulkhead. 
are two sets of cargo pumps each capable of ping 
200 tons of oil an hour. is drawn from the cargo 
tanks two lines of piping 10 in, in diameter 
and deli into a deck line. Any tank can be filled, 
or emptied, independently of the remainder, and 
branches are fitted so that the oil may be delivered over 


either side. Valves for a maintaining 
atmospheric pressure in the oil tanks are fitted on the 
tank hatches. 


The main engines consist of two sets of Vickers 
solid-injection type oil engines, but the auxiliaries 
are in the main steam driven. This arrangement has 
been come to owing to the necessity for providing 
steam in considera uantity for heating and tank 
steaming purposes. The oil ps, already men- 
tioned, are steam driven as are the compressor, ballast, 
fire and bilge, fresh-water and other pumps. One of 
the two electric light and power engines is also steam 
driven, the other being a Vickers-Petter low-compression 
oil ine. There are two boilers, one cylindrical and 
the other vertical. They are fitted for oil-burning. 
The main feature of interest is, of course, the main 
engines, one of which is shown in our In the 
Vickers type of oil engine es of pene ho air com- 
pressor in conjunction with a p for spraying 
The teal inte the aglindan,.the tajeciion' to efiraed br 
the fuel pump alone. This difference is in the direc- 
tion of simplicity. The are each of six cylinders, 
24} in. in diameter and 39 in. stroke. The two sets 
are designed to develop in conjunction 2,500 brake 
tally va at 118 ray The henge was “— 

ily over four weeks in the shops, but 
cringe pembet aieiainathetamelie 
pa, 5 eee ones coe erens meee 8 
our cylinders at a time. The second engine was put 
on official trial as soon as it was completed owing to the 
cy of delivery. She did a full day’s run with all 

i on overload and de 1,350 brake horse- 
wer at normal revolutions, with a clean exhaust. 
fuel consum: was below -44 lbs. per brake 


horse-power . The maximum cylinder pres- 
sure di run was maintained below 500 Ibs. per 
square inch, although in prel runs injection 


iminary 
was advanced to give over 600 Ibs. at normal load to 
test the engine. 

The general appearance of one of the cngines is 
well shown in our figure. The main construction 
consists of hollow cast-iron columns straddling the 
main bearing and attached at top and bottom to the 
cylinders and bedplate. The cylinders are cast 
separately and bolted together at the bottom to form 
a continuous girder. The columns support the single 
slipper guides and impart rigidity to the engine, but 
do not carry the main impulse loads which are taken by 
steel tie rods which run through the columns, The 
bed-plate is in two pieces and is filled in solid to prevent 
leakage of oil into the bilge. The cylinders are of cast- 
irontwith liners which are supported at the top,but 
are free to expand through a pay at the lower end. 
Each cylinder is fitted with one inlet and one exhaust 
valve. The fuel injection valve is between the two 
and the air-starting and safety valve is at the back. 
The crank-pit is separated from the cylinders by a 
diaphragm plate through which the piston rods pass 
through elementary glands which prevent oil leakage. 

is dia is as a tray with a drain, 
which co! any burnt lubricating oil dropping from 
the pistons, or water from the piston cooling glands, 
and thus prevents the lubricating oil from ming 
contaminated. The lubricating of all parts within 
the crank case is by pump, the oil passing from the 
main ings to the crankheads and thence to the 
top ends, pistons are lubricated by sight-feed 
pumps. 

Re is carried out by sliding the cam-shaft 
which is fitted with ahead and astern running cams. 
During reversal the induction and exhaust cam rollers 
are lifted clear of the cams by oscillation of the fulcrum 
shaft u which the cam levers are eccentrically 
mantel. The power is supplied by_an air servomotor 
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HEAVY OIL ENGINES OF THE MOTOR SHIP “NARRAGANSETT.” 





CONSTRUCTED BY MESSRS. VICKERS LIMITED, ENGINEERS, BARROW-IN-FURNESS. 


(For Description see preceding page.) 








vith a dashpot cylinder. 


When the reversing lever 
has made its full travel in the direction indicated 
by the reversing lever the engine can be started, the 
starting wheel, until this position is reached, being 


locked in the “stop” position. The first movement 
of the starting wheel puts air on all cylinder starting 
valves, which are opened by the starting cams in 
correct sequence. Further movement of the wheel 
cuts air off the cylinders in pairs and puts the cor- 
responding spray valves into operating position in 
pairs, till finally the air is cut-off and all cylinders are 
running on fuel. Power control is effected by a lever 
which over-rides the opening of the spray valves given 
by the starting gear. Levers at each cylinder enable 
any one to be cut out in case of necessity by closing the 
spray valve. 

The fuel pump for supplying the engine can be seen 
in the figure, to the left-hand side of the starting posi- 
tion. It is driven off the cam-shaft driving-gear in 
the centre of the engine and consists of a four-plunger 
pump with mechanically operated suction valves which 
can be adjusted in their action by a lever at the control 
position, This pump delivers oil at a pressure of 
about 4,000 Ibs. per square inch to a pipe below the 
camshaft from which leads are taken, through screw- 
down valves, to the spray valves. The screw-down 
valves are for use when the strainers in the spray-valves 
are being cleaned. The heavy moving parts of the 
engine are modelled on marine practice. Large bearing 
surfaces are used throughout, particularly in the top 
ends. The slipper bearing, crank heads and main 
bearings are all white-metal lined, the shells of the 
latter being of cast-iron and the others of steel. The 
crankshaft is in two three-throw pieces and is forged 
solid. The shaft passes through glands at the ends 
of the crank-case and at the after end a small flywheel 
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is fitted formed with teeth for engine turning. A 
small electric gear is provided for this latter service. 
Starting air is provided for the engine by a steam-driven 
compressor pumping up to 600 lbs. per square inch. 
The air is stored in ten riveted steel reservoirs which 
stand at the aft end of the engine room. 





Prrsonat.—The Coventry Electrical and Engineering 
Company state that they have secured the Coventry 
agency for Wild-Barfield electric furnaces, and that they 
are having a furnace erected for purposes of demonstra- 
tion to those interested. 





Lonpon AssociaTiON oF FoREMEN ENGINEERS.— 
The sixty-seventh anniversary festival of the London 
Association of Foremen Engineers was held at Cannon- 
street Hotel, on Saturday, the Ist inst., when between 
500 and 600 members and guests dined together. Mr. 
T. O. M. Sopwith presided, and there were present 
Lord Riddell, Sir Henry P. Maybury, Dr. Macnamara, 
and other distinguished visitors. Emphasis was laid 
in the various speeches on the most important and most 
successful work carried out by engineers during the war, 
and on the vital part which engineers could and would 
play during the present period of reconstruction. 





Tue Instrrvte oF Paysics.—The incorporation of a 
new Institute of Physics has sufficiently advanced to 
place the matter, so far discussed mainly by the councils 
of three societies, the Faraday Society, the Optical 
Society and the Physical Society of London, before 
British scientists generally. ‘The Institute is to be a body 
analogous to the Institute of Chemistry, to represent 
the physical profession and to strengthen the position 
of workers engaged in physics, as well as to form a 
between the various bodies interested in the study and 
application of physics. At present, it is pointed out, the 
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physicist is hardly recognised as a member of one of th 

professions. Though many developments of physic» 
have been of vital importance during the war, men 
engaged in important physical research would, in some 
cases, only be given an official status by being termed 
Research Chemists. The new Institute is to attend to 
all matters concerning the professional interests of 
physicists, and will, in addition to the general aims, 
have the following specific objects: The granting of 
diplomas to corporate members, who are to be of two 
grades, Associates and Fellows in order to attain authori- 
@tive recognition ; the reduction of subscriptions for 
membership of the participating societies ; reductions 
in purchasing the publications of societies of which the 
member of the Institute is not a member ; the organisa- 
tion of exhibitions of apparatus and of conferences on 
matters of physical interest ; the provision of a common 
building for the libraries and meetings of the societies. 
The qualifications for Associateship include the passing 
of an examination held by the Institute or of a recognised 
equivalent examination, and of one year’s research 
experience, the examination to be dispensed with in the 
cases of candidates with special qualifications. Candi- 
dates for Fellowship will have to show a record of five 
years’ experience in research or in a position requiring 
a thorough knowledge of physics. The annual su b- 
scription of Associates is to be one guinea, that of Fellows 
two guineas, the entrance fees to be of the same amounts ; 
ordinary (not corporate) members of the Institute will aoe 
paysubscriptions. The first Board consists of Sir se eH 
Glazebrook, F.R.S. (president), Sir Robert Hadfiel » 
Bart., F.R.S. (hon. treasurer), Professor A. Ww. vag 
F.R.S. (hon. secretary), and of representatives of the 
councils of the three societies we mentioned ; other 
societies may associate themselves with the Institute, 
which, it is hoped, will form a powerful unit in con’ 
nection with any wider scheme of the federation ©! 
scientific societies. Mr. F. S. Spiers, B.Sc., of 10, es: 
street, W.C. 2, himself a member of the Board, is the 
Secretary of the Institute of Physics. 
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MACHINE. 
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Many cases arise in practice in which it would be 
desirable to employ power rivetting, but in which either 
the amount of work to be done, or the isolated situation 
of the work, is such that it becomes very questionable 
if the installation of an hydraulic or pneumatic plant 


is justifiable. Most large works have now either one, 
or both, of these forms of power available, but many 
small ones have neither, and in the large works it is 
unusual to find the distributing mains, for either 
pressure water or air, carried over the whole ground. 
These and other circumstances make the possibility of 
Tiveting by means of electric power a matter of con- 
siderable importance in many cases and add interest 
to the electric riveting machine which we illustrate 
in Fig. 1 to 6 on this page. There are but few shops 
nowadays in which a supply of ‘electric power is not 
available, and the ease with which mains can be run 
to a new position should, in many cases, make an 
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electric riveter an attractive proposition. Even where 
alternative forms of power are available, the supply 
mains cannot, as a rule, be extended with the facility 
with which a cable can be run. In exposed situations 
the cable also, of course, has advantage over an 
hydraulic main in eliminating the possibility of trouble 
owing to freezing. 

The machine which we illustrate has been patented 
by Mr. Edward Adamson and is manufactured by the 
Mada Engineering Co., Limited, of 12, Bevington-hill, 
Liverpool. The machine is known as the “ Remca.” 
Its general appearance is well shown in Figs. 1 to 3, 
from which it will be seen that it consists of a bow-frame 
with the operating mechanism carried on onearm. The 
machine may be used either vertically or horizontally, 
and may be suspended, as shown in Figs. 1 and 2, or 
fixed to a stand as shown in Fig. 3. The operating 
mechanism consists of a long-stroke solenoid designed 
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so that full advantage is taken of the fact that increasin 
power is developed as the core approaches the end o 
its stroke. This gives a type of action particularly 
suitable for riveting, the final pressure being the 
maximum pressure. As will be seen from the figures, 
the whole arrangement builds up into a neat and 
compact tool, which, for portable work in particular, 
should be very convenient owing to the power being 
carried by a quite flexible connection. 

The details of the operation of the machine will be 
understood from Fig. 4. A rocking lever A, we yor 
to the frame, is attached by a pin joint to the head of 
the riveting ram. The rocking of the lever depresses, 
or lifts, the ram. The lever is operated by a roller 
B, which is carried between side plates D, which are 
secured to the end of the solenoid core. The roller B 
works on the inclined tail of the lever A, and it will be 
evident that as the solenoid core is drawn inward by the 
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coil the lever A will be rocked-over and the riveting 
ram forced down. The side plates D carry two other 
rollers CC, on which the roller B works, the whole 
arrangement giving a foller-bearing construction. 
After the power stroke, both the solenoid core and the 
rocking lever are returned to position by —-. The 
solenoid core spring is shown in Fig. 4, while the helical 
springs which return the rocking lever can be seen in 
Figs. 1 to 3. The electrical connections of the riveter 
are of a simple nature, and are shown in Fig. 5, while a 
cross-section of the flexible cable is shown in Fig. 6. 
As will be seen, an earth wire is incorporated in this, 
so that the frame of the machine may be earthed. 
The tool is, of course, operated by alternately closing 
and opening the switch and, if necessary, more than one 
operating point may be arranged for by fitting more 
than one switch, as indicated in Fig. 5. When a rivet 
is closed the pressure may, of course, be maintained 
while the rivet is partially cooling, erm 4 by leaving 
the switch closed. Trials have shown that a §-in. 
iron [rivet may be closed by a “ Remca” machine 
with 16 amperes at 230 volts, the time from closing the 
switch to opening it being 3 secs. On this basis one 
Board of Trade unit would suffice for dealing with 300 
§-in. rivets. The riveters are made to deal with 
rivets from } in. to 1} in. diam. and with various depths 
of gap. 





IRON PORTLAND CEMENT. 


Iron Portland Cement, with a Classification of Cements 
made from Blast-Furnace Slag.* 
By Epwis H,. Lewis, Wishaw. 

THREE yp ree dealing with the manufacture of cement 
from blast-furnace slag have been read before the 
Institute by C. de Schwarz. In the first, in 1900, he 
described a method of making Portland cement in shaft 
kilns. The second, in 1903, gave details of various 
cements, and among others of Portland cement made in 
rotary kilns, and iron Portland cement. The third paper, 
read in 1908, referred to various uses of blast-furnace 
cing, including the manufacture of cement. 

any different cements can be made from blast-furnace 
slags, the quality of which can vary as much as the 
methods of manufacture. There is at mt a great 
demand for cement, and a number of ironmasters are 
thinking of using thoir slag for its production. In some 
cases they have it in their power to produce an article 
ual or superior to London Portland cement. Much 
of the cement made from slag in the past fell far below 
this standard, and consequently there is a great prejudice 
among engineers and architects against “‘s Tag 
In this general term they include every kind of cement 
made from slag, without troubling themselves to inquire 
into the quality of any given brand or its method of 
manufacture. Just as they include all varieties under 
the heading “slag cement,” so they exclude them all 
from their specifications, use some makes contain 
= much sulphur or too little of something else to suit 
them. 

Perhaps it would be well to attempt a rough classifica - 
tion of all cements made from blast-furnace slag. They 
can be divided into the following five classes :-— 

1. Blast-Furnace Slag as a Cement.—Blast-furnace sl: 
consists mainly of the same constituents as Portlan 
cement—lime, silica and alumina—but in different 
proportions, and instead of the raw materials being heated 
only to the point where the eutectic melts, they are 
completely fused. If a slag be reasonably high in lime, 
properly granulated, and afterwards finely ground, it has 
the properties of cement, although its setting time is slow. 
The following table shows the tensile tests obtained from 
briquettes made from such a slag. This was run from 
—— furnaces at Wishaw, where hematite iron was being 
made, 


Taste I,—Tensile Tests of Briquettes made with Ground 

Granulated Blast-Furnace Slag, September 29, 1915. 
(Stored in Air.) 
Tensile Strength 


in Lb. per Sq. In. 
° 195 





Broken after 3 days 


Broken after 7 days see dee 300 
Broken after 28 days... ese 430 
Broken after 2 months ... en 480 
Broken after 4 months ... wile 480 
Broken after 6 months ... eas 615 
Broken after 12 months... ous 470 
Broken after 18 months... pee 528 
Broken after 2 years... eee 666 
Broken after 3 years... ace 765 
Broken after 4 years... che 807 
The slag contained :— 

Per Cent. 
Lime eas ene eee ods wwe «= - 49-4 
Silica... = -_ St --- 80°5 
Tron oxide and alumina ane cow, y MO 
Magnesia * $50 eye as soe 2-3 
Sulphur ... oes 2-41 


2. Slag Elements.—Under this head could be included 
those cements which are or have been made from war 
granulated slag and lime, finely ground together, with 
or without the addition of small quantities of wiles salts. 
Numerous papers have been published giving descriptions 
of such cements. Generally speaking, they are quite 
useful, and the cost of manufacture is relatively low. 
But they cannot, and should not, be p with 


Portland cement. As the aes is not reburned, the 
sulphur contents are usually nies The high-limed slags, 
which have the most cement-like properties, generally 
contain most sulphur. It is such cements that have 
created amongst engineers the great prejudice against 
~ cement in which slag has been used as a raw material. 
. Portland Cement.—The British standard specifica - 
—_ for a a ae it as — eens 
'y intimately mixing together calcareous and argillaceous 
materials, b home at a clinkering temperature 
and grinding the resulting clinker, so as to produce a 
cement capable of complying with this specification.”’ 
“* No addition of any material shall be made after burning 
other than calcium sulphate or water, or both, and then 
only if desired by the vendor and not prohibited in 
writing by the purchaser.” This definition can be 
satisfied by using slag and limestone in exactly the 
same way as the chalk and mud of the Thames and 
Medway are used, or any materials whatever which give 
the same proportions of lime, silica and alumina. The 
manufacture of such cement is carried on by the Universal 
Portland Cement Company, in America, from blast- 
furnace slag, and the process was described by W. M. 
Kinney.* 

4. Improved Slag Cement.—Some makers, finding that 
the slow and uncertain setting of the cement made from 
ground slag and lime was a serious disadvantage, have 
made a rather better article by adding to granulated 
slag a proportion of Portland clinker burnt from a 
mixture of slag and limestone. Such an addition 
nape the setting time and strength of the cement 
and reduces the quantity of sulphur, without adding 
very seriously to the cost. 

5. Iron Portland Cement.—If a certain quantity of 
pepe aa slag of the right chemical composition 

ad to Portland clinker, during grinding, the 
strength of the cement can be increased, The quantity 
of slag which gives the greatest increase of strength will 
naturally vary with the composition of the slag and 
clinker. Such a cement might even be called an improved 
Portland cement. The amount of the improvement 
possible to some well-known cements, both for neat 
cement tests and sand tests, was shown by Mr. E. Deny 
and the present author in a paper read before the Faraday 
Society on January 14, 1918, and the subsequent dis- 
cussion.¢ In Germany the Iron Portland cement makers 
and the Portland cement makers have agreed that such 
cements shall be sold under the name of Iron Portland 
cement, —— that the quantity of slag added to the 
clinker shall not exceed 30 per cent. of the whole. It is 
by making iron Portland instead of the inferior slag 
cements that ironmasters can break down the prejudice 
existing to-day against all ts made from slag ; 
for they will then be making an article which may excel 
in quality the best Portland cement. 

Manufacture of Iron Portland Cement.—There is no 
need here to describe the manufacture of iron Portland 
cement. Except for the addition of granulated slag 
to the clinker as it goes to the finishing mills, it follows 
the dry process of making Portland cement. This is 
well-known, and is descri in many text-books. There 
would be grave difficulty in using the wet method, 
because those slags which are most suitable for iron 
Portland cement would tend to set in contact with the 
water in the mills. As slags v: in different works, 
each firm would have its own peculiar problems to solve 
to obtain the greatest strength from its materials. Slags 
in any one works also vary from hour to hour, and close 
chemical supervision is necessary both in the burdening 
of the furnaces and in the cement works to ensure a 
uniform product. The variation need not be very wide, 
and should be corrected by mixing at every point of the 





Trocess, 
: Iron Portland Cement and the British Standard Speci fica- 
tion for Portland Cement.—The latter half of the clause 
already quoted from the standard specification at once 
excludes iron Portland cement, but it is interesting to see 
how far such cement can comply with the tests. 

(a) Fineness.—(Residue on 180 x 180 sieve not to 
exceed 14 per cent.; residue on 76 x 76 sieve not to 
exceed 1 percent.) This is merely a question of adequate 
mill capacity. 

(b) Specific Gravity (not to be less than 3-10).—This 
is designed to detect addition which would be excluded 
by the first paragraph of the specification. Iron Portland 
must be excluded under that clause, therefore the specific 

vity test is not of much consequence. Some good 

ortland cements do not comply with it. The specific 
gravity of the Portland clinker made at Wishaw runs 
about 3-15 and the slag about 2-85; so that the iron 
Portland cement averages 3-06 in specific gravity. 

(c) Chemical Composition.—‘*‘ The formula 5 

CaO 
Si02 + Al,0; 

when calculated in chemical equivalents, shall be not 
greater than 2-85 nor less than 2-0.” 

The average of 290 works analyses of the iron Portland 
cement made at Wishaw shows :— 





Per Cent 
CaO ove ost tt bet soe 59-58 
es ak ee, ae, eon ae 
AleOs; een Soe ee 11-04 
Fe203_... ad aes jib 1-07 
So that the hydraulic modulus :— 
50-58 
hein Nn 
35.08 , 11.04 = 2-02 
60 102 








* Paper read before the Iron and Steel Institute, 
May 6, 1920. 





* Proceedings of the i ’ Society of Western 
Pennsylvania, vol. xxv., pages 103 to 138. 
t See Exctverrrina, vol. cv., page 109. 





“The percentage of insoluble residue shall not exceed 
1-5 per cent.; that of magnesia shall not exceed 3 per 
cent. ; the total sulphur content calculated as SO; shail 
not exceed 2-75 percent. The total loss on ignition shal] 
not exceed 3 per cent.”” The average figures for the 
cement made at Wishaw are :— 


Per Cent 
Insoluble residue Sot wa r 0-25 
Magnesia ove eee eve eae 1-96 
Sulphur as 8O;... Us si eee 2°35 
Loss on ignition oes pew ond 1-0 


The test for magnesia might be difficult of fulfilment in 
some districts where there is a consi ble quantity of 
magnesia in the slag. The author showed in detail, in 
@ paper read before the West of Scotland Iron and Steel 
Institute, that even with a highly basic slag which is 
used as a vehicle for removing sulphur from the blast 
furnace, it is quite easy to keep the sulphur in iron 
Portland cement below 2-75 per cent.; for much of 
the sulphur is lost in granulating and in drying the slag 
but still more in the rotary kiln. 

(d) Tensile Strength (neat cement).—‘‘The breaking 
strength of the briquettes at 7 days after gauging shall 
be not less than 450 lb. per square inch of section. The 
breaking ae of the briquettes at 28 days after 
gauging shall show an increase on the breaking strength 
at 7 days, and shall be not less than the number of pounds 
wt square inch of section arrived at from the following 

ormula :— 
‘** Breaking strength at 7 days + 
40,000 Ib. 
breaking strength at 7 days.” 


The following are the average results of tests made 
from 8,700 samples representing the first 100,000 tons 
made at Wishaw :— 

Briquettes broken at ... 3days 7 days 28 days 
Lb. per square inch 467 635 753 
Increase required from 7 days to 28 days = 
40,000 _ 63 1p 
635 
Actual increase = 118 Ib. 

(e) Tensile Strength (cement and sand).—Briquettes 
of one part of cement and three parts of standard sand 
are required to give a tensile strength at 7 days after 

uging of not less than 200 lb., and to show an increase 
wna d 7 days and 28 days of not less than 

€ 10,000 Ib. 
breaking strength at 7 days 

The following are the average Wishaw results from 
sand tests :— 

Briquettes broken at ... 3days 7 days 28 days 














Lb. per square inch ... 159 253 336 
Increase required from 7 days to 28 days = 
10,000 _ 40 Ib. 
253 


Actual increase = 83 Ib. 


(f) Setting Time.—Unlike slag cement, it is possible 
with iron Portland cement to get any setting time 
required from a flash set to a slow set by attention to the 
composition of the clinker, by careful burning in a rotary 
kiln, and if necessary by the addition of gypsum. 

(g) Soundness.—If the slag be high in alumina it is 
possible to make a very highly-limed clinker and yet 
maintain the soundness test well within the 10 mm. 
allowed by the specification. 

The Use of Iron Portland Cement.—It has been shown 
that iron Portland cement can easily comply with all 
the British standard specification tests except that of 
specific gravity. There is apparently no reason, therefore 
why it should not be used for any purpose for which 
Portland cement is used. In the paper already mentioned 
the author described a otatesnethe concrete chimney which 
was put up by the Glasgow Iron and Steel Company 
as being the most exacting test to which they could put 
their cement. The same cement has been used for 
reinforced concrete in other instances, and has given 
complete satisfaction. 

For sea-water use it should be specially suitable, as the 
added slag provides a means of protecting any unsatisfied 
lime from the magnesia salts which are apt to attack 
concrete made with Portland cement. There has been 
much confusion between the use of blast-furnace slag as 
aggregate for concrete and the use of cement made from 
blast-furnace slag. Failures in the former case have 
been quoted in order to disparage iron Portland cement. 
The results on Table II, opposite, show that blast- 
furnace slag, specially the highly basic slag which is good 
for making cement, may be a poor material for aggregate 
compared to such an aggregate as steel furnace slag ; 
but that does not affect its use for making cement. The 
slag used as aggregate was of the same chemical com- 
woe. Pose as that used for the cement with which the 
concrete was made in both cases. $ 

Most of the results so far quoted have been obtained 
in the works at Wishaw. he figures in Table III, 
opposite, have been supplied by a well-known firm of 
civil engineers who have used iron Portland cement from 
Wishaw in the construction of a quay wall on the Clyde. 
They made careful tests, because like other engineers 
they were originally prejudiced against this class of 
cement, and they now own to a complete conversion. 

Conclusion.—Nearly all blast-furnace slags can 
utilised as raw material for making Portland cement, 
although in some cases 4 addition of limestone 
pte ty required to increase the tage of lime and 
reduce that of magnesia, &c. Oni some of these slags 
can be used for the ea pens tion to the clinker 
necessary for iron Portland cement. Ironmasters who 
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A total of about 3,000 bags of cement was forced into 


Taste Il.—Crvusuine StReNers or Concrete (Pounps PER SquaRe Inox). these holes. At first, the grout leaked back into the 



















































































shaft, but after some experimenting, the seams were 
Blast-Furnace Slag Aggregate. Siemens Acid Steel Slag Aggregate. finally clos by mixing bran, oats, and ground horse 
manure with the cement. This grouting was so success- 
Mixture. ful that it was decided to attempt to grout the remainder 
8 Days. | 7 Days. | 28 Days. | 90 Days. | 3 Days. | 7 Days. | 28 Days. | 90 Days. | of the water-bearing strata in a single operation down to 
the top of the Shawagunk grit, a hard quartz con- 
a . — SB aden ge ———— = — the oe — of the 
i rtland cement + 1 aggregate 2,625 3,970 7,500 5 , . » , 8 . Six diamon ill holes, 1 in. and 2 in. in diameter, 
1 from Portland cement iH 2 aggregate 1,675 2,650 4,900 5,725 8,450 4,775 7,050 6,900 | were drilled around the perimenter of the shaft for a 
iron Portland cement + 3 aggregate 1,075 | 1960 | 3.250 | $500 | 240 | Sago | srs | 67s | depth of 100 ft. The holes were grouted under a 
po —— a > —_ 1,200 1,600 27625 3,750 2,850 4,125 3,750 4,850 pressure of 275 Ib. per square inch, but only 175 bags 
1 iron Portland cement + 6 aggregate 450 1,075 2,650 2,700 2,050 2,650 4,050 4,400 | Of cement could be forced in. After further delays, 
i iron Portland cement + 7 aggregate 775 1,375 2,150 2,225 1,637 2,650 3,000 3,050 due to pump troubles, sinking was resumed. In the 
liron Portland cement + S aggregate ..| 1,150 1,475 2,700 2,600 1,325 1,750 2,700 8,200 first 15 ft. excavated, numerous seams well filled with 
1 iron Portland cement + 9 aggregate... 400 1,125 2,225 1,575 800 1,175 1,975 3,050 | grout were encountered; the maximum thickness of 
the a 8 in., in a open bed of — 
: stone. leakage into the shaft at this time was 225 
Taste III.—TEnsILe 4m8 Compression TEsTs. gallons per minute, which increased to 350 gallons per 
Tensile Tests. minute at a depth of 280 ft. The water continued to 
increase in quantity to 525 gallons per minute, at a depth 
Setting Time—Neat. of 320 ft., and was strongly char with H2S gas, which 
Fineness, Expan- Specific | attacked the men’s eyes and caused abrasions to develop 

Date. Sample. 7 Days. | 28 Days. | 3 Months. | 180 x 180. sion. Gravity. | into sores. 

Initial. Final. In the meantime, the pumps continued to give trouble 
and with the shaft filled with no less than ten of them at 
one — and with air _ ———- lines, it was almost 

Lb. per Lb. per Lb. per impossible to carry on the sinking operations. Due to 

wena” Sq. In. Sq. Tn. 8q. In. mm = = g down op beth of the ae pumps in the 

. Foe Pe ae 0-5 3-05 shaft, t atter was for the sixth and last time. 

1919. oe 3 : = = +4 os 30 min. 7% hr. 3-0 3-01 After it was again unwatered, a o; pump chamber 

Sept. 26 .. 6 388 439 518 — | 85 min. Hi hr. 3-0 3-03 | was excavated in the side at a depth of 310 ft., and three 

1920. Jan. 23 .. 8 291 455 — 9-07 84 min. 64 hr. 3-5 3-05 steam pumps having a combined capacity of 1,050 gallons 
“ English.” aa — ss be wm ae oe emma Pee 2 FOr SR 

1919. May 2... — 344 — — 7 ° , . ’ *aé inking was then resumed (a pilo ill hole being kept 

1920. 4 23 ee 7 266 347 _— 10-46 62 min. 4¢ hr. 2-0 3-10 we below the bottom) and all seams were enutek none 

of them takin; 


more than 50 bags of cement, until the 
grit was reached. At the contact with the grit, an 
additional flow of 125 gallons per minute entered through 
an old drill hole, increasing the total inflow to 850 gallons 


NotTe.—This was not a test of the cement but of a particular aggregate, which was found unsuitable. 
Compression Tests. 
28 days. Mixture 1—1—3. 


“ English.” 
Lb. per Sq. In. 
1,146 
907 


make cement will in any case have to face opposition, 
and it is very much to their mutual interest that, whether 
they make Portland or iron Portland cement, they should 
maintain the highest quality which has been shown to be 
possible, and so convince cement users that blast-furnace 
slag is an excellent material for its manufacture. 





GROUTING OPERATIONS, CATSKILL 
WATER SUPPLY.* 


By James F. Sansorn and M. E. Zrpser, Associate 
Members, Am.Soc.C.E. 
(Concluded from page 562.) 
Grovutine In SHAFTs. 

In connection with the construction of the pressure 
tunnels of the Catskill Aqueduct, fifty-five shafts were 
sunk, Some of these are permanent, forming part of 
the waterway ; the others were sunk only to expedite 
the tunnel excavation, and su uently were closed by 
concrete plugs. The shafts varied in depth from 106 ft. 
to . maximum of 1,187 ft., the average being about 
400 ft. 

As in the case of the tunnels, the shafts penetrated a 
wide assortment of rock. With a few exceptions, how- 
ever, no great difficulties were experien in sinki 
them, as the rock encountered was generally sound an 
free from | quantities of water. In some of the 
shafts where the inflow of water was excessive, the rock 
seams were grouted during sinking in order to cut off 
or reduce the flow. In general, the water-bearing ground 
did not extend to any t depth, but was found in zones 
about 20 ft. to 30 ft. thick, so that, after the wet portion 
of the shaft was grouted and passed, no further grouting 
was necessary in the remainder of the shaft. 

Shaft sinking is slow and expensive when large quanti- 
ties of water have to be handled. The water collects in 
the bottom, making it troublesome to drill and to muck 
the broken rock, thereby delaying the work. The 
maintenance and operation of pumps also interferes 
with the excavation and increases the cost. 'The method 
of grouting water-bearing seams in a shaft durin 
excavation, to cut off the inflowing water, has been 
to some extent, although the has been more fully 
developed and applied during the last few years. 

The method usually adopted in grouting a wet zone is 
to drill a number of vertical holes in the bottom of the 
shaft, about 10 ft. to 20 ft. in depth and located generally 
from 5 ft. to 10 ft. around the periphery of the shaft. 
Short lengths of pipe fitted with valves are set into the 
drill holes, and the drilling is done through the valves 
ber can be quickly closed if a heavy flow of water is 
struck, 

After the holes have been drilled, grout is forced into 
the rock seams through them, by the usual grouting 
equipment. As in other grouting, a thick grout is best 
for filling large cavities, while a thin grout, as thin as 
5 lb. of cement to 25 gallons of water, is during 
the early stages of the injection of the ut, in order 
to make the cement carry as far as possible into the fine 
seams and avoid the plugging of the seams close to the 
drill hole. The matter of justing the consistency of 
the grout is important to insure success. After the 
grout has set up, and the water is cut off, sinking is re- 
sumed, using light shots to avoid opening up new 








* Paper read before the American Society of Civil 
Engineers, February 4, 1920. 
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in the rock. The method of grouting outlined was used 
in sinking through wet und in several of the Catskill 
shafts. Thesinking in these cases would have been much 
more difficult, slower, and more expensive, had pumping 
alone been depended on. 

Shaft 4, Rondout Pressure Tunnel.—This shaft, 500 ft, 
deep, was one of the construction shafts for the Rondout 
Pressure Tunnel. It was rectangular in shape and was 
timbered as it was sunk. This was the wettest shaft on 
the Catskill work, and the grouting of the water- i 
strata encountered in its excavation was very successf: 
in cutting down the inflow of water, although pumping 
had to be carried-on continuously during the sinking as 
additional wet seams were struck. A caetailed descrip- 
tion of ang ae of this yp heg i? given in a 

* by Jo . Hogan, M.Am.Soc.C.E, 

et exploration by borings showed that the 
shaft would penetrate Binnewater sandstone and High 
Falls shale at a depth of about 200 ft. The rock cores 
from these beds showed a very porous condition, and 
pumping experiments indicated that the rocks were 
reely water- ing. It is probable that considerable 
time would have been saved and expensive pumping 
eliminated during the sinking of the shaft if 4-in. holes 
had been drilled close together around the perimeter of 
the shaft when the water-bearing strata were reached, 
and the rock thoroughly solidified y injecting grout into 
the seams through these holes. The shaft could then 
have been excavated in the dry. 

However, the drilling of the large holes to 
insure the complete success of the grouting under such 
@ method would have been a slow and expensive proce- 
dure, and experience at the time did not recommend it 
as the best method of meeting the situation. The hand- 
es water by pumping was familiar to the shaft- 
sinkers who kept on drilling and mucking until stopped 
by an excess of water, even though the shaft was flooded 
several times before the grouting was done. 

The shaft was dry until a depth of 215 ft. was reached, 
when the water- i Binnewater sandstone was 
encountered. At a depth of 260 ft., the flow had in- 
creased to 225 —— per minute. While drilling the 
next round of holes, one of the holes struck such a strong 
flow that the men had to leave hurriedly, and the shaft 
was flooded to within 70 ft. of the top. The maximum 
flow of water entering through the drill holes in the 
bottom was estimated to be approximately 600 gallons 
per minute. 

After a long delay, the shaft was pumped out, and the 
hole in the bottom was plugged with a 2-in. nipple and 
gate-valve. Drilling was then resumed in the bottom, 
through valves on pipes set into the drill holes, the valves 
being shut as water was encountered. On account of | 
trouble with the pumps and the suction and discharge 
pipes, the shaft was in flooded twice in succession 
and each time recov 

The last holes drilled in the bottom indicated that for 
the next 8 ft. the ground to be excavated was very 
porous, with open seams as wide as 8in. It was feared 
that, when the next shot was made, there would be 
such @ great inflow of water as to flood the shaft again. 
It was then decided to attempt to cut off the water by 
grouting the water-bearing seams. 

For this purpose, twenty-seven vertical holes were 
drilled from 14 ft. to 20 ft. deep, around the bottom of 
the shaft, each hole being fitted with a pipe and valve. 








* “Sinking a Wet Shaft,” Transactions, Am. Soc. C.E., 





vol, Lxxiii, page 398. 
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per minute. The flow was cut off by injecting 350 
of cement under a pressure of 275 lb. per square in 
All water-bearing seams in the grit were grouted, the 
maximum quantity of cement used at any point —_ 
100 bags. m the b was reached, the to 
inflow into the shaft was 610 gallons per minute. 

The method of grouting used in this shaft was, in 
general, as follows: A 2-in. pipe provided with a long 
nipple and a gate-valve was driven into the drill hole 
as far as possible. To obtain a tight around the 
pipe, wooden wedges, oakum and cement were freely 
used, and horse manure mixed with the cement was also 
frequently used to clog the openings. A battery of four 
to six Canniff grout tanks was set up at the top of the 
shaft and connected with the hole by a 2}-in. 4 
The air pressure for grouting varied from 100 lb. to 275 
lb., the former being obtained from the main air line, 
and the latter from a small Westinghouse ‘‘ booster.” 
A thin mixture was used at first, and the quantity of 
cement was increased gradually ; if this mix continued 
to flow freely, sand was until the pipe began to 


clog. 
The —- > ~~ was very successful, at one 
time cutting off a leakage of more than 400 ons 
minute. A total of 1,163 barrels of phe A poe <ned 
in the grouting in the shaft. The holes drilled for 
grouting were generally 30 ft. deep, which depth was 
robably too great, as the ut would fill the wide 
rizontal seams, while the seams, cut nearer the 
bottom of the drill holes, would only be grouted for per- 
haps a few inches from the holes, due to the fact t 
in these seams the grout would set hard, while the wide 
seams were taking grout freely. 

It is believed that the grouting would have been even 
more effective if shallower holes, about 12 ft. deep. had 
been drilled, as such holes would have cut a smaller 
number of seams, with the result that the rock would 
have been more thoroughly impregnated, and the grout 
would have travelled farther out from the shaft. On 
other work the best results have been obtained by 
alternately drilling and grouting using shallow holes for 
the purpose. 

City Tunnel Shafts.—All the shafts of the City Tunnel 
were lined with concrete. Although considerable leak- 
age was encountered in several during the sinking, the 
inflow was either completely cut off or considerably 
reduced by grouting the water-bearing seams. If these 
wet shafts had been timbered instead of having been 
lined with concrete, the excavation would have been 
more difficult on account of the excessive quantity of 
water that would have had to be handled. 

Shaft 4, City Tunnel.—This shaft, on the south side 
of Jerome Park Reservoir, .was sunk to a depth of 242 ft. 
in Fordham gneiss. The rock was sound, and the shaft 
was dry until a depth of 150 ft. was reached, when the 
flow of 150 gallons per minute was encountered while 
drilling holes in the bottom. In a short time, the 
quantity diminished to a constant flow of about 50 gallons 
per minute. After the shaft, which had been flooded, 
was pumped out, the drill holes were plugged and the 
concrete shaft lining was placed to within a few feet of 
the bottom. 

The drill holes were then grouted under an air pressure 
of from 100 Ib. to 225 lb. per square inch, using a mix of 
about 16 lb. of cement to 1 gallon of water. A total of 
46 bags of cement was in this grouting, and the 
leakage was entirely cut off. Water under a jure of 
70 Ib. per square inch was also struck at a depth of 181 ft., 
and the flow at this level too was cut off by grouting. 

Pilot holes, 14 ft, deep, were then drilled onl 
struck water, which in some cases washed 1-in. frag- 
mente of rock from the drill holes, indicating the presence 
of a disintegrated seam. These holes were grouted, but 
they took very little cement. The shaft was sunk another 
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5 ft. without increase of water. The bottom of the shaft 
was then in disintegrated rock well grouted. 

The next step was to drill a large number of vertical 
holes, 18 in. a and 16 ft. deep, around the perip 
of the shaft. he holes were grouted, one at a time, eac 
hole taking about two batches of ut, except some at 
one side of the shaft through which the leakage was 
about 100 gallons per minute. The water from these 
holes could not be shut off, and the was taken 
eare of by pumping. As the shaft was pened, no 
increase of flow was encountered, and sound rock was 
reached at a depth of 200 ft. 

The water-bearing ground below the 181-ft. depth 
showed a crushed fault zone with a maximum thickness 
of 8 ft. on one side, below which the rock was disinte- 

ted to a depth of 4 ft. A total of approximately 
ooo bags of cement was used in grouting this stretch, 
and although the disintegrated ground was found to be 
well impregnated with front, the flow of water could not 

entirely cut off. Thick grout was generally used, 
but it is believed better results might have been secured 
by the use of thin grout. After the shaft had been 
completely lined, the water-bearing seams were grouted 
through pipes set in the lining, and the leakage was 
reduced to 3 gallons per minute, 

Shafts 20 and 21, City Tunnel.—Shaft 20, 750 ft. 
deep, in the lower part of Manhattan Island, was ex- 
eavated in Fordham gneiss which was generally dry. No 
trouble with water was experienced until a depth of 
425 ft. was reached, when a flow of 30 gallons per minute 
was struck in the drill holes in the bottom of the shaft. 
Deep holes were drilled, pipes inserted, and a concrete 

et 2 ft. thick was placed over the bottom of the 
shaft. Grouting was started too soon, before the con- 
crete had set hard, and it was necessary to add another 
2-ft. layer of concrete. After a lapse of 48 hours, the 
holes were grouted under a pressure of 300 lb. per square 
inch, and the water was cut off. No further trouble was 
had in excavating the remaining depth in the shaft. 

Shaft 21 was sunk in granodiorite to a depth of 757 ft. 
at the East River, in the lower part of Manhattan Island. 
The rock was hard and seamy, and wet zones were en- 
countered about every 60 ft. or 80 ft. The wet seams 
were grouted successfully in every case. A concrete 
blanket was placed over the seam to be grouted, as at 
Shaft 20, to retain the uting pressures, and the 
results were satisfactory. The concrete lining in the 
shaft was placed in stretches of about 50 ft., as the 
sinking , and any water entering through the 

ut pipes set in the lining was grouted off, in order to 

p the bottom of the t as dry on porate. 

Shafts 22 and 24, City Tunnel.—Shaft 22, in the 
Borough of Brooklyn, was sunk through gneiss and grano- 
diorite, Only small quantities of water were handled, 
except at Elevation — 430, where a flow estimated to 
have been 200 galions per minute, was encountered in a 
drill hole. The flow was controlled by inserting a pipe 

vided with a valve in the hole, after which other holes 

m 5 ft. to 20 ft. deep were drilled to locate the extent 
of the water-bearing area, which was found to be on one 
side of the shaft. 

The first attempt at grouting was unsuccessful, due to 
the large number of seams. A concrete blanket was then 
placed around two of the pipes, in the wet portion of the 
shaft, and the water was cut off by grouting under a 
pressure of 350 lb. = square inch, only six days after it 
was first struck, Subsequent excavation showed that 
seams not more than ,, in. wide were filled completely 
with cement. These seams were sharply defined cracks 
in the hard rock and were cut by the drill holes in such a 
manner as to provide good circulation of the grout, 
with the result that the grouting was successfully com- 
pleted in a few shifts. 

The granodiorite and iss through which Shaft 24 
was sunk was blocky and more or less crushed. Little 
trouble was encountered in handling the water in the 
shaft, except in a stretch of 40 ft. at a depth of about 
800 ft., where a flow of 240 gallons per minute was struck 
by one of the drill holes. The shaft was flooded, and 
it became necessary to instal a large pumping plant to 
unwater it. After it was pumped out the hole through 
which the water issued was plugged, and 14 holes were 
drilled around the periphery of the shaft, varying in 
depth from 7} ft. to 17} ft. Through sme fitted into 
these holes, 55 cub. of grout was forced into them 
under pressures as high as 325 lb. per square inch. 

The grouting of the wet. seam caused the water to rise 
in the rock and flow from the smaller seams above. 
Holes were drilled into tnese seams, and grout, under low 
peewee. was forced into them, wedges of soft wood 

ing driven into the seams where necess: to prevent 
the grout from escaping into the shaft. The leakage 
from these seams was reduced from 50 gallons to 15 
gallons per minute. 

On resuming excavation it was found that the seam 
which yielded the large flow had been successfully grouted 
and gave no further trouble, but, after the smaller seams 
above had been closed the rock in the shaft scaled so 
badly that it was necessary to suspend sinking and place 
the concrete lining. The leakage remaining was taken 
care of by pipes set in the concrete and subsequently 


grouted, 

Grouting behind Caissons, City Tunnel.—Before ledge 
rock was reached the six southerly shafts of the City 
Tunnel had to penetrate through a deposit of water- 
bearing sand, varying in depth from 43 ft. to 150 ft. 
The earth portions of these shafts were excavated by 
reinforced concrete caissons sunk by compressed air. 

In order to effect a tight seal at the surface of the rock 
the caissons were sunk from 2 ft. to 5 ft. below the lowest 
point of sound rock around the cutting edge, and the 

between the caisson and the rock was grouted 
through pipes set in a concrete bench on which the cuttin 
edge of the caisson was sealed. Pines wene len pieced 
through the concrete above the bottom of the caisson 





for the purpose of uting the sand surrounding the 
caisson. Pithe work a successful, as the leakage from 
the seal, after taking off the air, was a 7 gallons per 
minute at the deepest caisson, that at Shaft 23, where the 
hydrostatic head was more than 100 ft., and, subsequently 
all this leakage was grouted off. (See Fig. 7.) 

The experience in grouting the sand behind the 
caissons indicated, as found on other work, that little 
can be done to consolidate a mass of sand by attempting 
to fill the voids in it by grouting, but very good results 
can be obtained by grouting in filling voids due to loss 


of ground. 

Grouting Closures of Construction Shafts.—The construc- 
tion shafts, which were sunk solely to expedite the 
excavation of the pressure tunnels, were cl by filling 
them, for a depth of about 50 ft. above the waterway of 
the tunnel, with concrete. These shafts were 
in shape, measuring about 10 ft. by 22 ft., and were 
timbered. Before the concrete plug was placed the 
timbering in the bottom 50 ft., was removed, and the 
concrete was placed solidly against the rock. 

It was realised that the concrete in the plug might 
shrink and leave a space between it and the rock through 
which the water from the tunnel would escape to the 
surface. In order to permit the filling of the s 9 
8 , grouting channels were left entirely around the 
shaft at the top of each lift or at vertical intervals of 
about 10 ft. to 15 ft. These channels were formed by 
placing sheets of tin or sheet iron around the shaft, 
the bottom edges of the tin being left in the fresh con- 
crete, while the upper edges were wedged tightly against 
the rock. (see Fig. 8.) 

Each grouting channel was provided usually with 
three 2-in. pipes set in the concrete ; one, acting as a vent 
or drain pipe, extended down to the tunnel, and two 
were carried up to the top of the plug. The channel was 
kept from clogging during the placing of the concrete by 
flushing it with water through the pipes leading to the 
top of the plug. After the concrete had set and shrink- 
age had taken place, the channels were grouted from 
the top of the plug, beginning with the lower one and 
working up. 

The usual procedure before injecting the grout was to 
apply air pressure to each of the two pipes leading up 
from the grouting channel. While one pipe was being 
blown out the other was kept closed so as to wash any 
water or accumulation through the down drain pipe into 
the tunnel. Neat cement grout was then forced into 
one of the pipes until it showed at the vent pipe in the 
tunnel; the vent was then closed, and grouting was 
continued until the grout flowed from the top of the other 
up pipe. The latter was then closed and grouting 
continued until no more grout could be forced in under a 
pressure of 300 Ib. per square inch. The high pressure 
was then applied to the other up pipe, and the process 
was continued until all the channels were grouted. 

There is some question as to whether grout can be 
forced into the fine shrinkage space that may develop 
between the concrete plug and the rock. In Shaft 3, 
Rondout pressure tunnel, where it was necessary to 
excavate the plug in connection with the repair work 
in the tunnel, there were no indications of any layer of 
grout between the concrete and the rock. The concrete 
was found to adhere closely to the rock surface. Grout- 
ing pans are of advantage, however, in protecting the 
concrete from water seeping into the shaft. If the water 
is not collected it will find its way through the concrete, 
or between the concrete and the rock, resulting in injury 
to the concrete or to the bond. 

In Shaft 6, Rondout pressure tunnel, 63, 45 and 53 
batches of neat cement were forced into the lower, middle 
and top grouting channels, respectively, of the shaft plug. 
The total volume of grout injected, namely, 161 batches, 
corresponding to about 200 cub. ft. of grout, exceeded 
the estimated volume of space in the grouting channels, 
so that it is believed that some of it penetrated into the 


rock seams. There was also indication of this during the 
high-pressure grouting of the - channel. ut 
appeared in the rock seams above the plug and also at 


the top of the plug at the contact between the concrete 
and the rock, 19 ft. above the top channel. The grout 
leaks clogged up as the air pressure was continued. 

In grouting many of the construction shaft plugs, no 
trouble was experienced, after ——- to a pipe lead- 
ing to a grouting channel, and closing all other vents, to 
force air either through the rock itself or through the 
contact between the concrete and the rock. The fact 
that the air pressure could be kept at 100 Ib. during the 
previously mentioned test, or raised to a higher pressure, 
showed that the seams and openings were very smell. 

It is important while removing the shaft timbering 
in connection with the placing of the concrete plug, to 
take down all loose rock and place the concrete against 
the solid rock. It is possible that the passage of air 
occurring during the tests previously noted, took place 
through loose rock seams instead of between the concrete 
and the rock. Not only should loose rock be removed, 
but also all rock that sounds ‘‘ drummy ”’’ when pounded. 

The concrete plugs at the bottom of the construction 
shafts proved to be very tight inst outward | 4 

Grouting Closures in Riser Valve Shafts——The City 
Tunnel shafts, through which water is supplied from the 
tunnel to the valve chambers at the top of the shafts, are 
fe tang with riser valves, which are about 100 ft. 

low the top of sound rock. These valves are designed 
to close automatically if a break occurs in the valve 
chamber or in the street main. Below them the water 
way is a 14-ft., or larger, concrete-lined shaft, and above 
them, the 4-ft. or 6-ft. riser is a mortar-lined steel pipe, 
embedded in a solid plug of concrete forming the shaft 
closure. ‘The concrete ping wee placed inside of an outer 
shaft lining of concrete, the latter having been placed 
during the sinking of the shaft. 

Grouting rings or channels were formed at frequent 
intervals, when placing the plug concrete, to. permit the 





grouting of the shri space between the new and the 
old concrete. seg me were grouted after the 
concrete had been in place a sufficient length of time to 
ensure complete shrinkage. 

The procedure in Shafts 15 and 16 was typical of the 
practice in the City Tunnel shafts. In these two shafts 
three grouting c’ els were formed between the con- 
plete plug and the outer lining, the lowest one being about 
5 ft. above the point where the plug started, and the 
others about 10 ft. and 20 ft. respectively, above the 
bottom one. The channels were formed at the end of 
the day’s work by placing segmental timbers of 4 in. by 
4-in. cross-section in the — of the green concrete, 
around the perimeter of the plug. 

Two 2-in. pipes, placed diametrically opposite, were 
carried from the bottom of the plug to the bottom of each 
grouting channel. Before starting to place the next lift 
of concrete the channel was covered with sheet iron bent 
—— the outer lining and covered with a sloping layer 
of stiff concrete about 1 ft. thick. The latter protected 
the sheet iron and kept it from being displaced. 

After the concrete plug had set six weeks, the channels 
were grouted, The general procedure in each case was 
to blow out the pipes and channels with compressed air 
at pressures of 50 lb. to 60 lb., after which water was 
forced through, and, finally, grout was injected under 
—— up to a maximum of 150 Ib. per square inch, 

he grout used varied from a mix of one volume of cement 
to eight volumes of water to one of equal volumes of 
cement and water. The experience at these shafts 
showed a slight passage of water and grout from channel 
to channel, but no evidence of leakage showed round the 
plug at the top of the shaft. 

In Shaft 24 of the City Tunnel, four grouting channels 
were provided in connection with the placing of the 
concrete plug which is 197 ft. deep and 24 ft. in diameter. 
To each of the two lower channels three 2-in. pipes were 
carried from the shaft below the plug, and from the two 
upper channels, three pipes were carried to the top of the 

lug. Compressed air was forced into the pipes of the 
ower channels before any grouting was begun. The air 
circulated freely between the plug and the outer lining, 
appearing at the surface. 

The bottom channel was grouted first, the grout being 
forced into the pipes until they refused it under 300 lb. 
pressure. The grout from the lower channel flowed 
upward into the next channel and its pipes, but reached 
the top of the plug through the pipes of the upper 
channels. Connection was made to each pipe, the lower 
channels being completely grouted before the upper ones 
were begun. 

The results obtained at all the City Tunnel shafts 
have been very satisfactory, as there has been no leakage 
into any of the chambers at the top of the shafts. At 
some of the shafts, the pressure of the water at the level 
of the chamber floor is about 110 Ib. per square inch. 


GROUTING UNDER THE FOUNDATIONS OF DAMS AND 
DyYKEs. 


Grouting Seams in Rock under Olive Bridge Dam.— 
The masonry portion of this dam is about 1,600 ft. long, 
and rises to a maximum height of 210 ft. above the bed 
of Esopus Creek. The bluestone layers underneath 
the creek were excavated to sound rock at &@ maximum 
depth of about 25 ft., and, in addition, a cut-off trench 
about 20 ft. wide was excavated, to a maximum depth 
of 40 ft., across the creek channel just below the up- 
stream edge of the dam. Below the top layer of blue- 
stone, alternating layers of slate, shale and bluestone 
jen A _— the beds varying in thickness from 1 ft. 
to t. 

Before excavation for the dam was started, the rock 
underlying the foundations was explored by means of 
15 diamond drill borings from 40 ft. to 100 ft. deep, put 
down in the bed of the creek and the adjacent rock 
sides. The holes were tested by hydrostatic pressure 
tests for the purpose of eager | the position and per- 
meability of the seams in the rock. These investigations 
showed two definite planes of leakage at depths of 
40 ft. and 60 ft. below the bed of the creek. 

To prevent the flow of water through the open seams, 
a total of 217 holes, 2} in. in diameter, were drilled to 
about 1 ft. below the seams for the purpose of grouting 
them. The lower seam was reached by a row of 45 holes, 
8 about 5 ft. apart, drilled from the bottom of 
the cut-off trench. For grouting the upper seam, seven 
rows containing 172 holes, also spaced 5 ft. apart, were 
drilled from the bottom of the excavation down-stream 
from the cut-off trench. A model was made, showing 
the position of the grout holes and the water-bearing 
seams, and was found to be useful in connection with the 
subsequent grouting. 

A 3-ft. length of 2-in. wrought-iron pipe, the lower 
end of which was chipped with a chisel and wrapped 
with jute, was driven into the tops of the holes until 
the jute became firmly wedged and made a tight joint. 
The pipe was then wedged fast at the top with two small 
iron wedges, and the annular space between it and the 
sides of the drill hole was filled with grout, thus sealing the 

ipe in the hole. If water was flowing from the drill 

le, the iron wedges and the grout were omitted, and 

dry cement was rammed into the top of the hole outside 
the pipe. ” 

Sections of pipe of convenient length were successively 
screwed to the tops of the grout pipes so as to keep them 
always above the top of the cyclopean masonry as the 
latter progressed, until the holes were grouted. After 
the surface of the rock was covered by a sufficient weight 
of concrete m to overcome the possibility of 
lifting or blowing out by hydrostatic are the tops 
of the grout pipes were connected to a Cockburn grouting 

ine of about 4 cub, ft. capacity, and grout was 
forced into the hole by an air pressure of from 25 Ib. to 
90 Ib. per square inch. The grout generally used was 
mixed in equal volumes of neat cement and water. 
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The grouting extended over a period of about one 
year and was done at any convenient time after the 
concrete had attained a height of 10 ft. or more. The 
45 holes extending to the lower seam took a total of 
251 cub. ft. of grout, of which it was estimated that 
175 cub. ft. entered the seam. The 172 holes drilled to 
the upper seam received a total of 1,118 cub. ft. of grout, 
of which it was estimated that 925 cub. ft. entered the 
seam. 


The quantity of grout forced into any hole varied 
from 0 cub. ft. to 198 cub. ft., and only about 10 per cent. 
of the total number of holes took an appreciable quantity. 
The maximum distance through which grout was forced, 
making its appearance in other pipes, was 70 ft. 

A number of experiments were made in connection 
with the uting, which are of interest. Grout was 
forced un @ pressure of 25 lb. per square inch into 
a hole drilled about 15 ft. back from the edge of the cut-off 
trench, and appeared on the face of the trench from a 
horizontal seam about 6 in. below the top. Several 
months later, the rock covering this seam was barred and 
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wedged off, and the seam appeared to be well filled with 
cement which was set hard. 

Grout was also forced into a drill hole about 6 ft. back 
from the face of the cut-off trench, through two seams 
to the face of the trench. Two days later the rock was 
barred off, exposing the seams which were found to be 
well filled for a distance of 4 ft. in every direction from 
the hole, and partly filled 2 ft. farther out. 
colitech and Glenford Dikes.—These two 
structures close the gaps between the hills forming the 
| Ashokan Reservoir. The dikes consist of rolled embank- 

ments with centre concrete core walls which, with the 
exception of short portions, were carried down to ledge 
rock. In the vicinity of the dikes, the rock is overlaid 
with a cover of clay and gravel, varying from 1 ft. to 
30 ft. in depth. 

As the East Basin of the reservoir filled, it was observed 
that some seepage was taking place underneath the dikes, 
which increased as the water level in the reservoir rose. 
Although the loss of water was not serious, it was con- 
sidered advisable to take measures to stop the see 
and to improve the character of the foundations. ‘To 
, determine to what extent this might be accomplished, 
‘ it was decided to grout a portion of the foundation 

of the Woodstock Dike. 
Operations were limited to a length of 379 ft., the total 
length of the dike being approximately 2,500 ft. Holes 
, were drilled, spaced about 12} ft. apart, on the centre 
7 line of the dike where the core wall extended to rock, and 
j 
) 


Grouting at W 


on @ 5-ft. or 6-ft. off-set line up-stream from the centre 
line, where the core wall was not carried down to rock. 
Thirty-five holes were drilled, their total depth through 
the embankment and earth cover aggregating 426 linear 
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2"grooves in mortar collar formed 
by nailing 4% round strips to form. 
Vertical grooves, every 6 ft. around 
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ing drainage system. Just prior to 
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ft., while the depth of the core-borings totalled 717 
linear ft. 

Where the holes were on the centre line of the dike, 
a 4-in. bem re was driven to the core wall, a distance of 
approximately 9ft. A 3-in. hole was then drilled into the 
core wall to a depth of 2 ft., into which a 2}-in. casing 
was driven and grouted, giving tight seal. The 4-in. 
casing was then withdrawn. For the holes up-stream 
from the core-wall a 2}-in. casing was driven to rock. 
The rock was chopped out to a depth of from 4 in. to 
24 in. and the casing was driven tightly into it. 

The core-borings were made with an “A” bit, which 
cut a hole of approximately 1} in. diameter. The rock 
encountered was bluestone, varying from a coarse stone 
of good quality to a very fine-grained stone. In general, 
the holes averaged 40 ft. in depth, 20 ft. of this being in 
rock. Tests made by pumping water into the holes 
showed loss of water at practically all those drilled in 
rock, the maximum quantity that could be pumped 
into a hole without accumulating pressure, having been 
66 gallons per minute. 


tion of shoe when mortar is, 











after the completion of the grouting, indicated a reduction 
of approximately 50 per cent. in the amount of 


ia-viowel the satisfactory results obtained in grouting 


the experimental section, it was decided to ut the 
foundations of the Woodstock and Glenford Dikes for 
their entire lengths, t a few secti which it was 





thought unnecessary to treat. 

A modification was made in the procedure originally 
followed, Where the core wall was founded on rock. 
the holes were drilled in two rows, 2 ft. apart, spaced 
about 20 ft., centre to centre, in each row, the holes 
being staggered. In the Woodstock Dike, the holes 
were drilled through the core wall and into the rock, 
the method of ree and sealing the casing being the 
same as that descri in the experimental work. At the 
Glenford Dike, it was impossible to drill holes through 
the core wall because of the location of the Ulster and 
Delaware Railroad on that dike; the casings, therefore 
were sunk up-stream from the core wall, with the 
same spacing as described previously. 
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CITY TUNNEL 


COMPRESSED AIR WORK 
SEALING CAISSON IN 
EARTH TO ROCK 


On the completion of the drilling, the holes were 
grouted. Two Cockburn-Barrow grout machines were 
used to mix the grout, discharging into a wooden box, 
from which it was pum by a Douglas hand grout 
pump into the hole to grouted. The mix varied in 
consistency from } bag of cement and 40 gallons of water 
to 5 bags of cement and 40 gallons of water. The 
general method of procedure was to attach the grout 
pump to a hole and continue pumping in grout as long 
as the hole would take it. In the majority of cases, the 
te did not show in adjacent holes. In one instance, 

owever, it appeared in a hole 37 ft. distant from the 
one grouted. 

On the completion of the grouting of the rock, the 
——o first pulled about 12 in. to 18 in. and grout 
was t pum in, keeping the pressure at a maximum 
of 7 lb., except that after work had been done on a hole 
and then resumed after an interval, a slightly higher 
pressure was used for a short time. When the hole 
would take no more grout, the casing was pulled 
another 18 in. and the grout applied once more to 
refusal. This procedure was continued, alternately 

ulling casing and grouting, until the casing 
ey raised so that the bottom was at the elevation of 
the flow line. 

The maximum quantity of grout forced into a hole 
in the rock was 1,078 bags of cement and the minimum 
13 bags. The maximum quantity forced into @ hole 
in the earth cover above the rock was 496 bags and the 
minimum 20 bags. A total of 1,881 barrels of cement 
was used in this experimental grouting. It resulted in an 





appreciable reduction in the amount of seepage for the 
portion of the dike treated. Measurements made soon 











SECTION A-A 
2"pipes generally used 


The grouting channels were 
formed in the concrete plug 
for the purpose of grouting 
the shrinkage space between 
the concrete and the rock, and 
for grouting the rock seams. 
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For the portions of the Woodstock Dike where the 
core wall was not carried to rock, holes were placed on 
offsets and spaced 5 ft. apart; 4-in. casing was sunk to 
rock, and, at alternate holes, = te ing was placed 
inside the 4-in. casing and y sealed into the rock. 
The holes through the core wall and into the rock were 
2 dy in. in diameter instead of 1} in., as in the experi- 
mental work, and were drilled to a minimum depth of 
20 ft. into the rock. The total linear feet of holes 
drilled at Woodstock Dike, including the experimental 
section, was 11,182, and at Glenford Dike 9,190. 

The same general procedure was followed in grouting 
the holes as in the experimental grouting, but some 
changes were made. In order to economise in the labour 
incidental to the use of hand-pumping of ut, water 
pressure supplied by steam pumps was substituted for 
the Douglas hand pump, four grouting unite being in 
operation at all times, with piping extending the full 
length of both dikes. As fore, Cockburn-Barrow 
grout machines were used for mixing the grout, wooden 
troughs conveying it to hollow iron cylindrical pressure 


These it tanks consisted of 12-in. iron pipes, 4 ft. 
long, laid horizontally, two of which were mounted on 
@ portable wooden truck. Suitable 2-in. pipes 
fittings made it possible to use each tank or in 

uence. Pressure, when required, was applied at one 
end by connection with the water line, and the grout 
in the tank was di by displacing it with water. 
This method was found to work very smoothly, resulting 
in @ etre > ewe time and more effective grouting on 
account of continuous operation. 








The grouting of the earth cover and embankment 
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above the rock, at the Woodstock Dike, was completed 
before the rock was grouted. The row of 4-in. casing 
without the inner 2}-in. pipe, was grouted first, and then 
the other row, eth pomp J of cover to flow-line elevation 
being accompli by raising the 4-in. casing as desired 
After this cover grouting was accompli 
pameene dip used to grout the rock. A total of 7,564 
rre 


MiscELLANEOUS GROUTING. 
Mortar Lining inside of Large Steel Pipes.—Steel pipe 
ene were used for crossing valleys along the line of 
t ueduct where the rock was not so or where, 


the 2 }-in. for other reasons, pressure tunnels would be im tic- 
- ; | able. The steel pipes vary from 9 ft. 6 in, to 11 ft. 2 in. 
detock | in di ter, and are lined with 2 in. of cement mortar, 





of cement was used for grouting at W 
Dike, including the experimental section, and 5,613 
barrels at Glenford Dike. 

The results of the grouting at both dikes have been 
pen d satisfactory, the estimated reduction in seepage, 
with a full reservoir, being 75 per cent. at Woodstock 
Dike and 90 per cent. at Glenford Dike. In addition, 
the foundations under the dikes have been improved 
materially, due to the consolidation of the disintegrated 
rock and the filling up of the seams and cavities. 

Grouting the Foundation under Kensico Dam.—Kensico 
Dam is a gravity structure of cyclopean concrete masonry, 
with a maximum height of 310 ft. above the bottom of the 
excavation. The dam is across the Bronx River, between 
parallel ridges which rise to a height of about 180 ft. above 
the bed of the river. At the site of the dam, the quality 
and attitude of the rock was developed by core borin 
which clearly revealed the geologic structure of the 
be floor. a . he sae 

The east ri is composed o eiss, the west ri 
of schist, and between the two hills lies a bed of crystalline 
limestone about 400 ft. thick. The excavation for the 
dam was carried down to generally sound rock. The 
limestone was found to be y decayed in places, 
especially along the contact with the gneiss, where the 
decay follows the contact for a depth of more than 
100 ft. below the general level of the rock floor and affects 
the adjacent gneiss. No decay was found at the contact 
between the limestone and the schist. Both the gneiss 
and the schist showed less depth of decay than the 
limestone but, in places, these rocks were shat 
and showed the effect of crush zones by lines of weakness 
along the bedding planes. 

The foundation of the dam required more or less 
extensive grouting at three points, one in the schist near 
the west end of the dam, one at a soft seam in the lime- 
stone, and the third covering the entire east side of the 

orge. 

. ‘At the west end of the dam beyond the cut-off trench, 
the mica schist was found to contain occasional cross- 
bedding seams, and the area was explored by a few 
drill holes, 25 ft. deep, which were tested with water 
under pressure. me inter ication was found 
in these holes, although holes drilled in the bottom of the 
cut-off trench just east of this area were tight. The area 
was treated by drilling two lines of holes 11 ft. a . 
with a 3-ft. spacing in each line, and 25 ft. deep, for a 
length of 40 ft. along the dam. After the masonry had 
been placed to a sufficient height, the holes were filled 
with grout under pressure. 

At one place a crush zone in the limestone crossed 
the foundation. At the surface of the rock it was about 
15 ft. wide, but it narrowed with depth. It was followed 
down by the cut-off excavation until it was less than 
3 ft. wide, and as it was entirely filled with compact 
material, further excavation was deemed to be un- 
necessary. Holes 25 ft. deep were drilled over the area, 
and on testing with water and uranium, those to the 
west of the seam were observed to be more or less in 
communication with each other. When the masonry 
in the dam had been placed, providing a cover of 35 ft. 
or more in thickness, the holes were grouted. 

On the east side of the gorge, where a disintegrated 
zone was found at the contact between the gneiss and 
the limestone, more extensive grouting was necessary 
than elsewhere. The rock lay in beds about 2 ft. thick, 
and when exposed the bedding planes opened up. 
Several layers were excavated until fairly sound rock 
was reached, but, under exposure to the air and summer 
heat, a further opening of the bedding planes took 
place. The excavation of the cut-off trench, which was 
carried down to a depth of 40 ft. below the general level 
of the excavation, had shown that several seams in the 
rock were open and water-bearing. 

Holes, 25 ft. deep and about 25 ft. apart, were drilled 
normal to the inclination of the strata, and 2-in. pipes 
were fitted into them and extended up through the 
masonry. Two rows of holes were also drilled in the 
bottom of the cut-off trench near the sides, about 15 ft. 
apart, longitudinally. The tops of the lower holes in 
the gorge were at about elevation 65, and as they were 
not grouted until the concrete had reached eleva- 
tion 192, the grout pipes were in some cases 125 ft. in 
length. 

Pressure tests, using water coloured with uranium, 
were made on each hole to determine the influence 
on the other holes. As a result of the tests, it was 
concluded that the cut-off trench effectively intercepted 
the more open seams, and that the grout pipes could be 
divided into three groups: First, the holes up stream 
from the cut-off trench, where they all a to 
connect freely with each other ;, second, the holes in the 
cut-off trench which evident y penetrated a region not 
reached by the others; and, third, all the holes down- 
stream-from the cut-off trench, which were evidently 
quite freely inter icative, 

In grouting, each of the three groupe was treated 
separately. Usually, the pipe which took water most 
freely was the first to be grouted. As the apres appeared 
in other pipes, they ewe sae, and the pressure 
continued until the hole to take more grout. 
Then the pipe was capped, and connection was made 
to another Pipe. the uppermost pipe being left open 
for a vent. Eventually, all the pipes were filled with 

ut, capped, and left embedded in the 4 

ith the reservoir full for two years, there has been no 
indication of any leakage on the down-stream side of the 








enveloped with concrete, and covered with an earth em- 
bankment. The mortar lining was placed in two o - 
tions: First, an invert about 8 ft. wide was a 
in the bottom of the pipe, using a 1:2 mortar and 
finishing with a screed a and trowel; and, second, 
the portion above the invert was lined by using a wooden 


form built up of curved panels inside the pipe, and 
poung grout from the surface of the ground through 
verti 2-in. pipes screwed to the top of the 


pipe at 
15-ft. intervals, one pipe being used to grout a To-ft. 
section and the next for a vent. 

The grout was mixed by hand on the surface in boxes 
arranged so that one batch would be mixed while the 
other was dis . The grout was poured through 
the pipe screwed into the lower hole, until it ran out 
of the 4-ft. riser inserted in the upper hole. ‘The pouring 
was continued for some time to allow the air to escape. 
This method permitted the discharge of the pean 
water and laitance, and effectively took care of any 
shrinkage. The grout for the portion between the invert 
and the springing line was mixed 1:1, while, for the 
portion above the springing line, a 1:2 mixture was 


In one of the syphons, the mortar lining was placed 
by the cement gun, without the use of forms. The 
a reer consisted of a double tank with airtight 

kheads and a revolving feed for sand and cement. 
The mixture was discharged by air under 40 Ib. pressure 
through a rubber hose. As the mixture reached the 
nozzle, it came in contact with water discharged through 
another hose, and the combined spray was dischar 
with great force against the inside surface of the steel 


pipe. 

Although the results obtained with the cement gun 
were eg it was not found to be well adapted 
for the work, and was not used subsequently in the other 
syphons. 

Grouting Expansion Joints in Cut-and-Cover Aqueduct. 
—tThe concrete in the arch of the cut-and-cover aqueduct 
was placed in lengths of 30 ft., 45 ft., 60 ft. and 75 ft. 
The vertical expansion joints at the ends of the arch 
sections were formed either by tongue-and-groove 
joints cast in the concrete, or by steel plates. Owing to 
temperature changes, these joints opened up in cold 
weather, the width of the openings varying from about 

in, to } in., depending on the temperature of the air 
and on the length of the arch sections. Hydrostatic 
tests, made by filling portions of the aqueduct, showed 
that neither the tongue-and-groove nor the steel-plate 
expansion joints were tight against outward leakage in 
all cases. After some experiments and tests, it was 
decided that the most effective method of making the 
joints tight was to grout them with cement. Accord- 
ingly, the joints in several miles of aqueduct were treated 
by grouting them in the winter months when they are 
open the widest. Only the joints that were appreciably 
open were grouted. 

The following method of grouting was found to be 
successful on one section of the work: The grout from 
a 2-quart tin coffee pot was poured into a small tin 
funnel and through a 3-in. rubber tubing, about 12 in. 
long, into the joint. © joints were usually raked out 
in advance of the grouting, using a 12-in. pruning saw 
having very coarse teeth on one edge. The grout was 
poured near the top of the joint, from the inside of 
the aqueduct, the leakage of grout into the aqueduct 
being stopped by caulking the joint, usually with 
oakum. 

Where the joints were wet, on account of inward 
leakage due to ground water, it was necessary to grout 
them by pressure, using a Douglas hand pump for this 
purpose. ‘They were first drilled by hand at convenient 
points, and into the holes were inserted — pipe nipples, 
6 in. long, threaded at one end. The nipples were 
caulked into the joints with lead wool, and the inside 
edges of the joints were also caulked with the same 
material. 

The mix generally used for grout poured into place 
was 5 parts of cement to 8 parts of water by volume. 
This consistency was found to be a little too thick for 
the hand pump and, for the wet joints, a mix consisting 
of 3 parts of cement to 8 parts of water was used. The 
grouting was very effective in making the joints tight 
against leakage. 

Grouting Caving Ground in the Grade Tunnel.—In 
driving one of the headings of the Reynolds Hill Tunnel, 
sev slips occurred, and, in a 15-ft. stretch, the 
timbering was badly distorted by the slide. In order to 
excavate safely the bench through this section, the 
8 outside the timbering which had previously been 

packed, was grouted. Concrete was first placed 
back of the timbering for a height of about 4 ft. above 
the wall plates and, at each end of the section, concrete 
cut-off walls were built as high as possible between the 
lagging and the rock, the closures being made with brick 
masonry. The dry-packed space over the arch between 
the cut-off walls was then eg by a tank grouting 
machine. More than 30 cub. yards of 1:1 grout were 
placed. No trouble was experienced subsequently in 
excavating the bench through this section. 

Grouting in Tunnel where Concrete Lining had Dis- 
integrated.—Some time after it was placed, 
= i enn Ach noi gh ne treet 
‘ound to be undergoing a progressive, slow disintegration, 
caused by the infiltration of the surrounding ground- 
water which contained certain chemical elements in- 





jurious to concrete. The portion of the tunnel affected, 


@ stretch of about 1,700 ft., was relined with brick 
12 on —— - es 

° care of the water seeping thro the concrete 
lining, sheets of steel were used throughout the side-walls 
and arch of the lined section, and kept uniformly away 
from the concrete face by ordinary spruce plaster lathe, 
to vide drainage and grouting space. Before the 
brick lining was placed, a bituminous water-proo 
fabric was deposited on the sheet metal water-stop ang 
on the invert concrete. 

Along the centre line of the invert in the lined section, 
a 4-in. tile pipe was laid with open joists to receive the 
drainage water. ‘Transverse drainage ves cut in 
the invert conveyed the water from behind the metal 
stop to the centre line drain. This drain was provided 
with 2-in. pipes, 12 in. long, extending up through the 
brick lining on the invert. Before grouting the space 
behind the water-stop, this drain and the connecting 
grooves were pum full of grout, connections being 
made to the 2-in. pipes in the invert. 

For grouting between the metal stop and the original 
concrete lining, 2-in. pipes were set, extending through 
the brick work at three levels on both sides of the tunnel. 
The grouting was done in successive upward stages, grout 
being supplied to the lower middle and upper level of 
pipes until it appeared at the next higher level, each stage 
covering the entire length of lined section before the next 
stage was begun. A Douglas hand pump was used to 

lace the 1:1 grout which was mixed in boxes carried on 

* cars and stirred continually while being used. On 
account of the hydrostatic pressure behind the brick 
lining, the side-walls were braced throughout the length 
of the lining during grouting, with 4-in. by 6-in. struts, 
spaced 5 ft. on centres, and wedged in place. 

In addition to relining a portion of the tunnel with 
brick, additional precautions against the disintegrating 
effect of the und water were taken by grouting the 
8 above the arch for the entire length of the tunnel, 
about 1 mile. This ie in the roof between the con- 
crete and the rock had been partly dry packed at the time 


the concrete lining was originally Pp le 
The grout pores were 1} in. in diameter, provided with 
couplings at their ends, and placed in holes drilled through 


the concrete. A pair of pipes, one a grout and the other 
@ vent pipe, was pl through the arch concrete at 
intervals of about 50 ft. The inner ends of all pipes 
were wrapped smoothly with cotton cloth in order to 
make them fit tightly in the holes, and were driven in 
place by a sledge- mer. 

The grout, consisting of 1 bag of cement, 1 bag of sand, 
and usually 12 gals. of water, was placed by means of a 
Canniff tank, the grout being forced in to refusal under 
about 90 lb. pressure. The quantity of grout placed 
averaged 4 cub. yd. per lin. ft. of tunnel. 


GENERAL ConcLusions In REGARD TO GROUTING. 
The experience in the grouting operations in ti 
with the Catskill Water-Works, showed that grouting is 
very effective for backing up, and filling the spaces behind, 
tunnel linings. A mixture consisting of 1 bag of cement, 
1 bag of sand, and from 6 gals. to 8 gals. of water, was 
found to be well adapted for this purpose. The air- 
pressure should not be pou than is necessary to force 
the grout into place. The pressures actually used varied 
from 30 lb. to 90 Ib. per sq. in. To complete the filling 
of the voids between the tunnel lining and the rock, 
particularly in the high places in the roof adjacent to the 
“vent” pipes, air pressures up to 300 lb. per sq. in. and 

neat cement grout were used. 

Good results were obtained in cutting off the leakage of 
water into the tunnels by grouting the water-bearing 
seams. For this purpose, it is essential to control the 
inflowing water by collecting it behind drip-pans or a 
steel shell, and draining it by pi through which the 
grout is subsequently forced into the seams. Neat cement 
grout, about 6 gals. of water to 1 bag of cement, was found 
to be effective for this purpose. For fine ——e & very 
thin mix must be used in order to obtain good results. 
The pressures should be sufficient to overcome the ground- 
water head and force the grout into the rock. 

In sinking wet shafts, grouting was successful in cutting 
off leakage. The best results were obtained by alter- 
nately drilling and grouting, using holes about 10 ft. to 
15 ft. deep in the bottom of the shaft. The consistency 
of the grout should be adjusted to the size of the seams. In 
some cases, a little addition of bran, oats, &c., to the neat 
cement grout will aid in plugging the crevices in the rock. 

The results obtained in treating the foundations of 
dams and in oe off lea underneath the dikes 
by drilling holes and grouting the rock seams under the 
dam structures were satisfactory. It is desirable in such 
cases to explore the rock under the dams thoroughly 
by diamond drill borings for the purpose of locating 
weak zones and open seams. The location of the holes 
and method of grouting will depend on the natural condi- 
tions encoun’ 4 

In conclusion, it should be stated that the procedure to 
be adopted in any grouting operation must take into 
account all the factors that enter into the problem. 
No one method is applicable to all cases. The conditions 
encountered during the grouting may make it advisable 
to modify the ure materially. Good judgment 
and skilful adaptation to meet varying conditions are 
essential to a successful conclusion. 
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THE CHEMICAL AND THERMAL CONDI- 
TIONS IN BLAST-FURNACE PRACTICE.* 
By H. E. Wricut, Middlesbrough. 


Tue object of this paper is to place in the hands of 
those en in the manufacture of pig-iron a plain 
statement of the chemical and thermal conditions 
governing blast-furnace practice. The subject cannot be 
approached without a reference to the monumental 
work of Sir Lowthian Bell, which forms the foundation of 
our knowledge of the scientific side of blast-furnace work. 
Subsequent progress has been more in regard to the 
conclusions drawn from observed facts than in the 
discovery of any new fact. 

The reactions in a blast furnace are two-fold—chemical 
and thermal. Chemical reactions are primaily connected 
with the reduction of iron and other elements forming 
pig-iron, and the interaction between iron oxide, metallic 
iron, carbon and the oxides of carbon forming furnace 

. Thermal reactions are necessarily associated with 
these chemical reactions, so that the heat —— 
or lost during them cannot be separated from them, but 
in a blast-furnace there are further thermal requirements 
connected with the melting of iron and slag, the main- 
tenance of correct hearth temperature, and losses by 
radiation, &c. ‘These are purely thermal factors. The 
net result of chemical reaction is insufficient to provide 
the necessary heat. In furnaces working upon pure ore 
and pure fuel chemical considerations may become a 
dominating influence, but in general blast-furnace 
practice this is not the case. 

Generally speaking, the necessity for thermal effects 
requires the combustion of fuel beyond any limitation 
prescribed by chemical considerations. In’ furnaces 
where every chemical action is being carried on in the 
most advantageous manner possible, we have still to 
expend fuel, as the necessity for increased heat is 
occasioned by impurity in the fuel or ore, by a fall in 
blast temperature, by an increase of moisture in the blast, 
or by any other cause calling for extra thermal require- 
ments, with the result that purely chemical considera- 
tions are, to that extent, exceeded. 

As all reactions in the blast furnace which lead to the 
combustion of carbon to carbonic acid are strictly limited 
by chemical considerations, it follows that as the necessity 
for direct thermal effect increases, or diminishes, after the 
chemical limit is reached, the carbon used or saved can 
only be considered as burnt to monoxide. To avoid any 
confusion upon the point it is perhaps necessary to 
explain this matter fully. 

he combustion of carbon beyond monoxide inside a 
blast furnace can only be ascribed to two main chemical 
causes: (1) Dissociation of carbon monoxide into carbon 
and carbonic acid; (2) the reduction of metallic iron 
from its oxide by carbon monoxide yielding carbonic acid. 
In the regular working of a furnace cause (1) is limited 
by carbon entering the pig-iron, because if carbon is 
deposited, and does not find an outlet, it descends to the 
tuyeres and is burnt again so that deposition and recom- 
bustion become eyclic. Only in a hanging furnace 
where proper working is suspended can deposition of 
carbon exceed the amount found in the pig-iron, and 
cause any effect on the amount of carbonic acid in the 
escaping gas beyond that point. Therefore deoxidation 
of the iron oxide provides the chief source of carbonic acid 
in any furnace in normal work, and it can only be supple- 
mented, to the limit stated, from the other source. 
Carbonic acid once formed has to remain in equilibrium 
with carbon monoxide, carbon, and reduced iron, which 
equilibrium is governed by temperature. Exposed even 
to the hardest coke at temperatures exceeding 900 deg. C., 
carbonic acid cannot exist permanently. Sir Lowthian 
Bell proved by experiments Nos. 78 and 79 that, even 
exposed to reduced iron, 40 per cent. is destroyed at 
about 650 deg. C., and about 60 per cent. at 800 deg. C. 
Therefore above 900 deg. C. carbonic acid leads a 
transient existence. As the temperature falls below 
this point, or below a point, which probably varies with 
each kind of coke or fuel, it becomes possible for more 
carbonic acid to exist until at another point, also probably 
varying with each kind of coke or fuel, the action ceases 
and carbonic acid can pass away unchanged. The limits 
of this range with such fuel as the author has experimented 
upon does not usually exceed 300 deg. C., and is at most 
400 deg. C. 

Thus the general condition is that carbonic acid when 
formed has to run the gauntlet of hot fuel and hot reduced 
iron, and although the simultaneous presence of excess 
of monoxide exerts a protective influence, it is quite 
impossible that the full theoretical amount shall escape 
in the gases. Therefore the amount of carbon burnt 
to carbonic acid yer ton of pig-iron cannot exceed a 
definite limit in the normal working of a furnace, but 
it may very easily fall considerably below it. The highest 
amount the author has found in the regular working of 
any furnaces at any time has been equal to 5-8 cwt. of 
carbon per ton of pig-iron. The lowest has been 4-6 cwt. 
of carbon per ton of pig-iron. There exists, however, 
- instance of under 4 cwt., which will be dealt with 
ater, 

It follows that in any normal furnace, even if there 
be a limit which chemical considerations demand causing 
it to be necessary for a certain excess of monoxide to 
exist (so that the maximum possible carbonic acid can 
exist), once that point is passed, and through impure 
fuel and material or from any cause increased thermal 
effect is required, the ratio of carbon oxides becomes 
governed by thermal requirements, and not by chemical 
considerations. This leads to the main conclusion. If 
there be a chemical limitation to this ratio of carbon 
oxides, then once it be exceeded all further carbon can 
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be burnt to monoxide only. In any furnace where the 
ratio exceeds the limit (which it must be clearly under- 
stood comprises all normal furnaces working upon coke 
any thermal effect required, or saved, must be meas 

in carbon burnt to monoxide only. 

In regard to the point of chemical limitation referred 
to, the author has unfortunately never had under his 
observation a furnace in which this needed consideration. 
The evidence points, however, to the fact that although 
there may be chemical considerations which render 
impossible the production of the equivalent of 5-8 owt. 
of carbon per ton of pig-iron as carbonic acid, thermal 
considerations make it possible in certain cases with 
pure fuel and pure ore to sacrifice carbonic acid with 
economy to fuel consumption. Such an instance already 
referred to is given in Sir Lowthian Bell’s paper ‘* On the 
Waste of Heat, Past, Present and Future, in Smelting 
Ores of Iron.”” The case is that of a furnace producing 
iron on 12-6 ewt. charcoal = 10-31 cwt. carbon, where, 
although chemical limitations rendered the carbon as 
carbonic acid as low as 3-96 cwt. per ton of pig-iron, 
yet because the ore and fuel were pure and the thermal 
requirement low the furnace produced iron with that low 
consumption of carbon, The chemical limitations adapt 
themselves to pve the best thermal result, and this case 

roves beyond all doubt that the governing factor in 
Poel economy is not, in the main, chemical, but depends 
upon the thermal side of blast-furnace work. Ii we 
assume some coke ash, or sand, or siliceous rock, and 
limestone to be added to the charge of this furnace, 
the increased thermal effect required would call for extra 
carbon to be burnt to monoxide ; this would assist the 
chemical influences and make it possible for more carbon 
to exist as carbonic acid, which the extra carbon monoxide 

roduced would preserve. Therefore in such a case 
increase of fuel is nominal until the full amount of carbon 
as carbonic acid is reached, after which it would become 
excessive. In such a furnace hotter blast would yield 
no t saving, but if the limit of carbon as carbonic 
acid were reac’ (and beyond that carbon was being 
burnt to monoxide) hot blast would B pve @ great saving 
up to that limit and much less beyond that. 

The instance is quoted more particularly to show that 
the chemical influence only becomes predominant when 
the ore and fuel are so pure that thermal effort is reduced 
to a minimum. 

We may sum up the combustion of fuel n a blast 
furnace as follows :— 

(1) Chemical reactions render it possible for not 
exceeding 5:8 cwt. carbon as carbon monoxide to be 
further burned to carbonic acid. 

(2) Chemical reactions involved in the decomposition 
of carbonic acid from material, and in the process of 
direct reduction of metallic oxide or metalloids, form 
carbon monoxide without air being necessary. 

(3) The combustion of carbon at the tuyeres by air, 
and oxygen from the moisture it contains, is, apart from 
the use of hot blast, the only other means available of 
making good any heat required after the above reactions 
have been fully carried out. 

The usual modification is that No. 1 is not fully 
carried out when the corresponding oxygen has to be 
dealt with as in case No. 2. This may due in the 
normal case to the coke being more susceptible to attack 
by carbonic acid, but may also be due to the ore being 
less easily reduced. The latter cause seems to be entirely 
megiectal, as a factor in blast-furnace economy, and the 
author would illustrate the matter by quoting the 
following experiments carried out in a large retort where 
ores can be maintained at temperatures from 800 deg. to 
900 deg. C. for several days exposed to furnace gases 
regenerated so far as CO content is concerned by pre- 
viously ing them through a tube containing red-hot 
charcoal. Lumps up to 2 in. cube are operated upon, 
and in case a standard ore is exposed with each bath 
results are readily comparative. The figures represent 
the diminution of oxygen per equal iron in comparison :— 


Well-burnt calcined Cleveland mine... 90 
Black centres of lump Cleveland mine ... 39 
Scarred or fused and. sintered Cleveland 

mine io pa <a aan eee 21 
Magnetic ore from a large deposit one 19 
Dense peroxide ore from a large deposit... 29 


Good brown hematite from a large deposit 64 


The author prefers not to specify the ores. The 
results agree with numerous similar experiments. Con- 
firmation of the fact that ores vary in this respect can be 
found in the researches of Herr C. Schinz and Sir 
Lowthian Bell in the same direction. 

It is fairly obvious that as these experiments represent 
@ much longer exposure to more gas than they will meet 
in that part of the furnace where carbonic acid can exist, 
it will be quite impossible to find the maximum amount 
of carbon as carbonic acid from five out of the six cases, 
also that improper calcination of Cleveland ironstone 
can exert a iderable infil on the amount of 
earbonic acid likely to exist in the gases. Another point 
bearing upon the same matter is the reduction of carbonic 
acid by the action of hot fuel. Coke resists attack by 
carbonic acid better than charcoal, but charcoal furnaces 
show low fuel consumption, which goes to prove that 
diminution of carbonic acid by this cause is not a vital 
factor in fuel consumption. 

he explanation the writer would give is that when 
carbonic acid is formed by reduction of iron oxide to iron 
the heat generated is almost absorbed in the reaction. 
Of course if the reaction does not take place the heat has 
to be provided elsewhere, but that does not affect the 
destruction of carbonic acid once formed. After the 
reaction, which must occur in the top 6 ft. or 8 ft. of the 
furnace ¢ (as carbonic acid can only exist in bulk 
there), any oc or reduction of carbonic acid leading 
to heat chosuption may exercise more of its influence 








in the direction of lowering the temperature of escaping 





gases than in lowering the temperature of descending 
material, which is the only way after the reaction has 

and the carbonic acid is formed, that the 
change, could become a vital influence on fuel consump- 
tion. Most probably the decomposition of limestone 
carbonic acid exerts its influence in that way. 

It may here be pointed out that the heat carried 
away by the am omy gases is not heat utilised, because 
it remains available outside the furnace and so far as 
the furnace is concerned has absolutely not been utilised. 

This brings us to probably the most important and 
least understood of the functions of the blast furnace— 
the absorption of heat by the materials in their descent 
through the furnace. Yet interception is a vital 
function of the whole furnace and does not apply to a 
zone. My reading of Sir Lowthian Bell’s statements 
does not convey the idea that he ever intended to imply 
any such limitation. Heat interception is one of the 
— factors in hearth temperature, which is largely 

erived from the absorption of heat by descending 
material. The sum total of all changes, all irregularities, 
all chemical reactions show their combined effect in 
te blast-furnace hearth temperature. There are 
only four sources of loss of heat: (1) Radiation and 
similar losses. (2) Escape of heat in the gases. (3) Heat 
in the metal. (4) Heat in the slag. Any deficienc 
must principally affect Nos. 2,3 and 4. Reactions whic 
occur near the furnace top may exert much of their 
influence upon the loss in the gases, and may not be so 
important in their effect upon hearth temperature as 
those near the well. 

Anything which upsets the absorption of heat in the 
furnace, or the regular descent and mingling of materials 
with the ascending gases, exerts a tendency to cause loss. 
Amongst such causes are rapid local movement of desoend - 
ing material, or ascending gas : insufficient penetration of 
blast at the tuyeres ; lack of capacity or time factor for 
the material to absorb heat; clogging or choking of a 
portion of the furnace ye by fine ores; or by easily 
crushed fuel breaking down. All such causes lead to 
deficiency of heat absorption in ae or smaller quanti- 
ties of material reaching the h , and in all cases to 
diminished hearth temperature requiring to be made 

ood by burning more fuel. This remedy has the draw- 

k that larger volumes of gas are produced, which pass 
at @ proportionately higher speed over almost the same 
descending material, causing the heat of the escaping 
gases to rise and carry away more of the available heat. 

The important conclusion to be gathered from the 
foregoing remarks is that the chemical composition of 
fuel must exert a large influence, because in a normal 
blast furnace with coke as fuel ash, sulphur, and the 
limestone required to flux them, lead to the loss of the heat 
the carbon yields. Slag is formed uiring fusion. 
Limestone carbonic acid carries away carbon, and from 
the gross heat developed we have in addition to deduct 
that which is carried away in the ccsening gases. When 
the coke added or deducted beyond the limit spoken of 
previously is only burned to monoxide there are some 
sey _— percentage deductions to be made for impurity 
in fuel. 

Reference to Table I (page 633) showing the heat sup- 
plied by burning pure carbon to monoxide by the hottest 
possible blast proves that per unit of carbon burned to 
monoxide only 70 per cent. or so of the gross heat remains 
available. Table II shows that when burned to carbonic 
acid nearly three times the heat is available. Table ITI 
shows the effect when burned by metalloids. The net 
result inside the furnace are :— 


Cwt. 
Heat Units. 
Carbon burned to monoxide, net yield 
per unit eee one ose ose 2,595 
Carbon burned to carbonic acid, net 
yield per unit... . 7,600 


Carbon burned by metalloids, &e., net 
yield per unit... een nee me 2,015 

Upon a furnace making Cleveland iron from 48 ewt. of 

calcined mine and 9 owt. limestone per ton of pig-iron 
the fuel is required to provide inside the furnace :— 





Cwt. 
Heat Units. 

Reduction of 18-37 owt. iron x 1,747 32,092 

Reduction of metalloids, say ... one 6,697 

Melting 20 owt. of pig-iron x 350 ... 7,000 
Driving off limestone CO29 x 430 

units ... =e sot so cad 3,870 
Decomposing this 1-03 carbon x 3,240 

units ... fe. betaling one 3,337 

Fusion of slag 24-43 owt. x 550 «» 18,447 
Heating limestone gases 4-81 cwt. x 

0-247 x 300 deg... oe ph 357 

66,800 


This we can call 67,000 units of heat and carbon has 
to be supplied equal to 0-7 owt. entering the pig-iron and 
1-03 cwt. destroyed by limestone carbonic acid. 

Normal radiation is allowed as a loss in calculating the 
net effect of carbon burned by Tables I, II, III. 

Carbon required if the maximum of CQ, is retained :— 


* 





Heat 
Owt. Units. 
Enters pig and burned by limestone ae 
Burned to CO, x 7,600 units |: 5-80 = 44,080 
Burned by O in material x 
2,015 unite .. be e -- 1:20 = 2,418 
To balance burned to CO x 2,505 
és és « +. 7°90 — 20,502 
Total ee op -_ -» 16°68 67,000 


On exactly the same lines let us now assume the 
substitution of carbon by Coke A, 10 per cent. ash and 
sulphur, or Coke B, 15 per cent. ash and sulphur, but in 
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other~ respects equal. Table IV shows Coke A has 
84-2 per cent. of available carbon, Coke B only oe 
cent., while in Coke A the available carbon yields 211 
units and Coke B 308 less units than pure carbon because 
of ash, sulphur and impurity. 

The effect applied to the same case as considered for 
pure carbon es :— 








Coke A. Coke B. 
£aters pig and destroyed b — oe 
ai oD co, - _ 2-06 2-20 
Heat for impurity in corre- 
sponding coke .. FT thle 0-29 
Cwt. Cwt. 
Heat Heat 
Units. Units. 
To replace 5:ScarbontoCO, 6°88 = 42,856 7°36 = 42,204 
Tojreplace 1-2 carbontoCO 1:45 = 2,165 1°52 = 2,048 
To balance as carbon to CO 10-95 = 21,979 12-59 = 22,658 
67,000 67,000 
Total coke o° +. 21-52 owt. 23-96 cwt, 


What 16-63 owt. of pate carbon can do requires 
Coke A, 21°52 cwt. and 1-61 cwt. extra limestone, 
Coke B, 23-96 cwt. and 2-40 cwt. extra limestone. 

This is the minimum adverse effect, because we have 
taken the maximum of carbon to carbonic acid, and 
have made no allowance for a rise in the heat carried 
away by the gases, or possible increase of radiation, &c., 
through lower output. 

apg! the same applies to extra gangue matter in 
the ore. The example stated applies to Cleveland mine 
with 38-3 per cent. iron. Table II shows the extra 
heat requirements set up by using 36 per cent. mine 
requiring :— 

Cwt. 
Heat Units. 
Coke A es = 2-74 owt. extra coke + 0°44 owt. for 
limestone. 


Cwt. 
Heat Units. 
5,550 
Coke B = = 3-08 cwt. extra coke + 0-47 cwt. for 
1,802 % 


, 
limestone. 


Also the effect of using 34 per cent. mine requiring : 
Cwt. 
Heat Units. 
Coke A — = 5:47 owt. extra coke + 0-88 cwt. for 


, limestone. 
Cwt. 
Heat Units. 
Coke B 11,058 _ 
1,802 


’ 


6-13 owt. extra coke + 0-94 cwt. for 
limestone. 


Thus‘we get in the case”of the three different fuels and 
different qualities of mine under ideal conditions :— 


Oarbon. Coke A. Coke B . 

sis di dei iia Owt. Cwt. , Owt. 
6 48 owt. in pig- 

fron! .. i ~~ 16-63 21°52 23-96 
Mine 51 cwt. per ton pig- 

fron... oe -« 10°10 24-70 27-51 
Mine 54 cwt. per ton pig- 

a ee oe 21-59 27-87 31-03 


Table VI is constructed from the figures in the other 
tables to show approximately how net heat is developed 
and used by hot blast, coke, iron manufacture, and slag 
from ore, as graphically as possible on a furnace smelting 
36 per cent. Cleveland mine. It will be seen that blast 
heat is responsible for 44 per cent. of the total heat the 
true combustion of coke leaves in the furnace. The 
beneficial reactions arising from the production of pig- 
iron (principally the formation of CO2 from CO) neutralises 
a large amount of the gross heat required, so that pig-iron 
only requires 2-23 cwt. coke plus 14,34] net units = 
approximately 35 per cent. of the heat to be made good. 

lag from ore and limestone is all dead loss. The fuel 
burned to melt it provides the excess of CO existing above 
chemical limitations, and below the point of chemical 
limitation it helps the CO2 to exist and is probably more 
helpful then. Otherwise it destroys 1-64 cwt. coke and 
26,447 net units. 

If the chemical limitation of CO to CO? is 100 to 55 
with the carbon from limestone in the gases 18-3 ewt. 
of coke ‘would cover it « Therefore 6-4 owt. of coke is 
squandered in melting slag, and there is no remedy 
if the excess slag is there. 

Table V shows that 6-4 cwt. of coke are capable of 
developing 12,845 net heat units. That is approximately 
two-thirds of the gross heat brought in by hot blast. 
Therefore in effect the excess of slag neutralises two- 
thirds of the advantage of applying hot blast, of the 
appliances to heat the blast, and of gases otherwise 
surplus now used to heat the blast. Not only so, but the 
6-4 owt. of coke correspond to 5-39 owt. carbon out of 
17-49 owt. burned by air bl. st ‘without which only 12-1 
ewt. would require to be so burned; therefore more 
blowing engines, more boilers, and more gases to heat 
the boi which would otherwise be surplus are wasted. 
Otherwise output is lowered. 

The object of this is to show that much past ingenuity 
and invention can be nullified altogether by increasing the 
impurities in ore and fuel, and if we do not stop this 
tendency to increase, further possible improvement 
cannot cope with it. 

These figures we Re considered hypothetical to some 
extent, but when the writer came ‘tojthe ‘conclusions set 
out in this paper in 1902 a diagram was kept showing 
the working of a three-furnace plant with two units in 
work. The furnaces 90 per cent. of their coke from 


there has been no very marked change. When the 
i was constructed it was based on 1 owt. of coke 
being equal to 2 cwt. of calcined mine plus limestone 
jc ton of pig-iron.. The diagram represents actual 
-yearly figures without any allowance, and the effect 
of all stoppages, strikes, &c., which can be shown to 
account for some of the variations is included. The 
war period has provided a deviation from normal which 
makes this diagram rather convincing. 
It ap to be somewhat ignored to-day that none 
of the improvements which may be possible in blast- 
furnace practice can reverse these effects which follow 
on additional impurity as night follows day. Coke 
consumption per ton of iron has been and is steadily 
increasing in spite of all improvements which have 


been already . 
So far as the author has been able to ascertain there 
has been only one public advocate of the necessity of 


picking out siliceous gangue instead of putting it through 
the furnace at great loss. He refers to the late Mr. 
T. C. Hutchinson, who strongly insists upon this point 
in his papers before this Institute. 

None of the fuel economy specialists have dealt with 
this side of the question as it rves. Coal and 
ironstone miners take no interest in keeping down the 
harmful shale, stone and dirt. It is time that, so far 
as blast-furnace economy is concerned, this should be 
understood to be a vital matter involving the future of 
our iron trade, and through that to some extent the 
prosperity of our country. 

The illustrated effects of impure ore apply in greater 
degree to hematite practice, because, as can be seen 


DIAGRAM OF ACTUAL FIGURES ON TWO 
FURNACES EACH HALF YEAR AND EFFECT OF 
INCREASED MATERIAL UPON COKE CONSUMPTION. 
Coke-Broken Line. 

Calcined Mine, other Ore & Limestone - Continuous Line 
On the Basis that within the Diagram 2Gwts Mineral 
=/Gwt. Coke per Ton Fig. 
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from the analyses of slag shown further on, silica in such 
practice n more limestone to deal with it, so does 
coke impurity. 

It is necessagy in the interests of fuel economy that 
attention should be given to cleaning coal for blast- 
furnace coke manufacture. It is not an economical 
proposition to pay coking costs upon increased ash 
and sulphur. It is also necessary to do something to 
exclude as far as possible shale, stone, clay and siliceous 
matter from our blast-furnaces. Those blast-furnace 
or other experts who consider silica a good thing in ore 
may be reminded that they can get all the benefits it 

ives by putting old firebrick or the like on the furnace 
Carden without paying freight and the cost of ore. 

If nothing can be done in these directions, instead of 
talking of the time when poorer materials will come in 
it is necessary to provide rich ore to mix in and maintain 
a standard enabling the blast-furnace to yield reasonable 
output with reasonable fuel consumption, because if 
it is not done we shall require to build more furnaces, 
stoves and blowing engines, in effect to work on slag 
alone, if the present output is to be maintained. 

It is of course n that the surplus gas from 
blast-furnaces following the introduction of gas-blowing 
engines in place of existing steam-engines should be 
made full use of, so that in future we may look upon 
the blast-furnace as largely a gas producer in which 
fuel per ton of iron has ceased to be the dominating factor, 
as the excess fuel comes into use in other directions. 

The author would, however, strongly urge the necessity 
for providing a rich, easily reducible ore to cope with the 
future situation upon the ground that output and quality 
of product will always require attention. In many cases 
the standard of quality in a lean ore cannot be tly 
improved without casting aside as waste a considerable 
quantity of iron with the rejected siliceous matter. The 
provision of such rich ore would prevent the waste of 
some of this iron and, without prejudicing existing 
output and fuel consumption, conserve our existing 
mineral supply by bringing it into use. 

It has been shown that 34 per cent. material requires 
5 ewt. more pure carbon burned by air than 38 per cent. 
material. This involves 37 per cent. increase in the total 
blast per ton of pig. Even if the engines can blow that 
much more air, output will fall because the extra material 
has to be got down the furnace in resistance to the extra 
gas which has to pass up, and this will put further 
resistance on the engines and calls for more furnace 
capacity. 

he point the author wishes to make 
that the questions that No. 2 Committee on -furnace 
practice consi d and reported upon, although of 
importance in equal cases, are all reduced to unimportant 
details if we have to face a 3 per cent. or 4 per cent. dro 
in iron content of our ore mixture or 5 cent. extra as 


uite clear is 








adjoining ovens fed by the owners’ own collieries, and 





in our coke. The tendency at present is in this direction. 


Having pointed out that carbon, especially as coke, 
cannot be burned to provide héat without much of that 
heat being lost, blast heat on the other hand is a clear 
gain. Table I shows that 800 deg. blast heat, less 
equivalent radiation, provi 1,000 net units out of 
2,595 available when the carbon is burned to CO, or out 
of 7,600 when it is burned to CO2. The first 100 units 
raises the heat available by burning carbon with cold blast 
much more than the last 100 bringing it up to 2,595, 
and leads to a greater saving. The saving by dry blast 
in its effect must be precisely the same as blast heat. 
If dry blast excludes 60 per cent. of the moisture from 
normal air (which is all it might do in this country) 
it would save, according to Table I, probably 80 units per 
unit of carbon burned by blast, while as stated the hot 
blast brings in 1,000 units per unit of carbon, hence the 
average saving in this country will not exceed that arising 
from 100 deg. extra heat in blast. 

As any water decomposed in the furnace shows as 
hydrogen in the gases, it would have been interesting 
if the papers published on dry blast had stated the 
percentage of hydrogen in the gases. In normal English 
furnaces working upon hydrated oxides the water 
decom in the furnace exceeds that which can come 
from decomposition of moisture in the blast, and there 
is in many cases a greater prospect of saving by driving 
combined water from the ore before it enters the furnace 
than in drying the blast. From the hearth of a hematite 
furnace the author has seen taken out a large lump of 
rubio ore 18 in. by 10 in. diameter, which, on breaki 
gave off volumes of steam and showed the centre to be 
quite unchanged. When hematite was made from rubio 
ore upon a coke consumption of under 17 cwt. the 
hydrogen in the gases agreed with moisture in the blast, 
and seldom ran over 1} per cent. by volume. on 
furnaces now making double the output show over 3 per 
cent. In a special test over 14 days one furnace decom- 
posed from the ore twice as much water as from the blast, 
and as drying the blast would only remove 60 per cent. 
of the moisture quite possibly three times the saving 
would result from driving off the combined water in the 
ore. In another specific case when the hydrogen 
normally ran 3 per cent. in the escaping gases a 2-hourly 
sample of gas was being continuously withdrawn when 
the furnace slipped lightly twice. The sample showed 
6-3 cent. of hydrogen by volume. A rapid sample 
withdrawn after a fairly heavy slip showed 9-2 per cent. 
of hydrogen by volume. There is no doubt this decom- 
position of water from the ore is a possible cause of 
so-called furnace explosions, as no furnace on dry 
material has ever to the writer’s knowledge exploded. 

Coming to purely chemical considerations, one or two 
text-book errors require correction. 

Sulphur is not driven off by ordinary calcination, as 
the peroxide of iron under the conditions re-absorb it. 
The outside faces of lumps of Cleveland mine contain 
more sulphur than the centre. In burning purple ore 
bricks at high fomgeenyane with a sufficiently oxidising 
flame sulphur can almost completely volatilised, but 
not so in ordinary calcination. 

The effect of ——_ upon sulphur is also a matter 
not a . It would be true to say that 
manganese helps in dealing with sulphur if we were 
allowed to put enough into the pig-iron, but the limit 
usually allowed in anything but basic iron is about 
1} per cent., and it is only when 1} per cent. is exceeded 
that manganese is very beneficial in dealing with sulphur. 
As the use of manganese for steel works iron even in 
basic process is attended by loss in conversion, it is 
very doubtful if it can be classed as a helpful ingredient 
in ore. The effect of it on a normal hematite furnace in 
a which the market allows will be judged from 
the following figures representing all the analyses for two 
years on two hematite furnaces :— 

















Sulphur in 
No. 1 No. 2 No. 3 No. 4 
Iron. Tron. Tron. Iron. 
Per Cent.| Per Cent.| Per Cent.) Per Cent. 
Ordinary ores .. ..| 0°0294 | 0-0492 | 0-0716 | 0-0992 
Ordinary ores with some 
manganiferous ores .| 0-0276 | 0-0527 | 0-0749 | 0-0977 











It can possibly be said that if the object in view is to 
keep sulphur in basic iron below 0-1 per cent. that 
14 per cent. manganese is very useful, but that is all that 
can be said. 

On no branch of blast-furnace working has so much 
information which is quite inapplicable been published as 
upon the constitution of blast-furnace slags. One point 
essentially missed is that the blast furnace has to deal 
with gangue and sulphur as it finds them. Usually there 
is not much chance to vary, and the problem is to get 
rid of what does exist as satisfactorily as possible. In the 
Cleveland district it is no use pointing out the supposed 
disadvantage of alumina, because it has got to be dealt 
with, 

Alumina has been classified as acid, base, and neutral. 
Some authorities regard increased alumina as accounting 
for all the troubles which arise ; others regard deficiency 
in the same way. The writer is of opinion that it 1s 
confusion of effect with cause, to which blast-furnace 
observers seem particularly prone, which causes alumina 
ever to have been considered detrimental. The following 
is probably the true explanation. Where local ore has a 
very siliceous gangue and alumina chiefly comes from 
coke ash, increased d the al 
It by its i the tr which this paper 
set out to prove it did, but as analyses show deficiency 
of alumina the cause is lost in observing the effect. In 
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other places such as Northampton and Cleveland the 
gan is silicate of alumina. Any increase of gangue 
Pro dacing the effects set out in paper is certain to 
send up alumina in the slag, and again alumina gets the 
blame. In most cases alumina in the slag acts as the 
outward sign of increased and is blamed for the 
effects that produces. t cause be removed— 
increased or increased necessity for thermal 
effect—better results will follow. 

The author believes that published theory in regard 
to blast-furnace slags requires complete revision before 
a blast-furnace can in this respect be worked upon 
scientific lines. Viscosity or fusibility does not cause 
trouble when it can be altered by increasing or diminishing 
the base in the slag within limits. The limits are where 
the furnace blocks up with lime on the one hand and 
where the iron is not desulphurised on the other. As we 
proceed from the latter limit toward the former, coke 
increases and output decreases. Slag theory hardly fits 
the following cases, which represent in round figures 
the slags which Cleveland and Hematite furnaces in 
Cleveland have worked upon for years. 











s| 4 S 3. 
ai gs; 2% ¢ $| 4 
Be) § & | 3 
$4a| = “7 
p.c pc. | pec. | p.c. | p.c. | p.c. 
Cleveland .. 3 | 25 7 | 33 1 | 4 
Hematite . . 4 | 16 4 | 43 2 | 31 























Upon comparison it seems certain that alumina in the 
Cleveland slag takes the place of lime in the other, but 
theoretically as a base alumina should replace 1 -65 times 
its equivalent as lime. Working on theoretical lines we 
should either have to take 9 per cent. of lime out of the 
Cleveland slag, in which case nothing but white iron high 
in sulphur would result, or else add 9 per cent. of lime 
to the hematite slag, when the furnace would choke up 
with lime. 

We require an altogether new theory to put this slag 
question on a satisfactory scientific footing. The fact 
probably is that in metallurgical slags some definite 
fusible silicate acts as a vehicle carrying the other bodies 
in solution. The presence of one may negative the 
effect of another, but ordinary theories of chemical 
combination do not fit such slags while they are molten. 
Magnesia is a case in point. Theory says it replaces 
1-4 times its weight of lime as a base, which is quite true 
at normal temperatures. There is evidence it does not 
do so in the blast furnace, and in the basic steel furnace 
slag it is quite certain that it does not. 

The author recommends the practical blast furnaceman 
to keep to his present meth of working upon a slag 
which suits his furnace and the class of iron he requires 
to make, until the correct theory is evolved. 

The only other point requiring special notice is a 
suggestion to use oxygen in the blast furnace to the total 
or partial displacement of air. Unfortunately even the 
use of oxygen does not make it ible to make one 
thermal unit into two, or one do the work of two. The 
blast-furnace problem is principally a thermal problem, 
and must be faced as such. 

Directly we start to use oxygen to replace air we lose 
the heat Seat » in by nitrogen as hot blast. Of course 
we do not lose the heat it carries away in the gases, a 
dry oxygen might be used. The comparison between 
pure carbon burned by air and by oxygen at 800 deg. C. 
is as follows :— 


Air. Oxygen. 
Heat per 1 unit carbon “ -. 24380 2430 
Heat in blast 800 deg. C. is +. 1147 252 
Gross -. 8577 2682 
Reduced in useful effect by :— 

Air. Oxygen. 
Radiation, &c., 10 per cent. of gross 357 268 

see ye yee 9 of water “eo 131 nil 
eat in esca gases 300 deg. C. .. 404 179 
Balance a’ ae es $e .. 2595 2235 


Apply this to the calculated figures showing carbon 
used on a furnace requiring 67,000 units, there is a loss 
of 360 units upon 13-7 ewts. of carbon burned by air, 
or 4,932 units + 2,235 = 2-2 ewt. of extra carbon 
required, or 16-63 cwt. carbon on air, or 18-83 cwt. 
carbon on oxygen. 

he iron tuyeres connection, &c., would burn up with 
oxygen at 800 deg. C., but the point is that if any benefit 
is to result this calculation should show it. When 
oxygen is tried it should be first applied where the blast 
does not exceed 300 deg. C., when the loss of heat in 
blast will be compensated by the other savings. 

Che explanations set out above are those which the 
author has found best fitted to explain differences in 
Turnace results. The method does not show all the loss, 
or all the saving ; there are always one or two further 
factors upon the result which it is difficult to 
estimate truly. For instance, radiation and similar 
losses probably vary with time or output per day. The 
loss of heat in the gases must increase as coke increases 
and decrease as it decreases. amount of total 
carbonic acid is never a fixed quantity per ton of pig-iron 
and varies in different cases. The result is that in general 
the method illustrated shows on these accounts rather 
less than the actual increase as thermal uirements 
increase, and also rather under-estimates t 


savi 
when they are decreased. The taken only opply 
to the specific case of Cleveland material, but the method 


Set out can be amended so as to apply to any furnace 
working on any material, taking known conditions as a 


Starting J ac mae ; 
It is ired to point out to the iron trade generally 


that blast-furnace fuel consumption depends primarily 
upon the amount of calcined material per ton of pig-iron, 
or the ratio of iron to inert matter in the ore. Lime 
should not be included in the estimate of inert matter 
in so far as it repl limestone as a flux. As the iron 
| in the ore falls, it is in all but exceptional cases replaced 
by siliceous matter, and as more ore per ton of pig-iron 
is required the siliceous matter "sag ton of pig-iron 
increases in & ter ratio than the percentage in the 
ore shows. It is not only a main factor influencing fuel 
consumption, but it also affects output, and the steady 
increase of impurity in fuel and ore is a very serious 
matter from the blast-furnace point of view. "Tt is only 
a@ question of degree for this increase to nullify all the 
efforts at improvement in other directions which may be 
possible. 

The writer is indebted to Messrs. Dorman, Long and 
Co., Limited for permission to place these facts before 
the Institute. 








Taste I. 


Normal dry air taken as 76-976 per cent. ni 23-024 
per cent. oxygen carrying 4 grains moisture per foot akée 0-64 
oxygen, 0-08 bh = 0-72 water vapour. 

is will burn 17-75 units carbon to monoxide. 

e of combustion will be 76-98 units nitrogen, 
41-42 units of carbon monoxide, 0-08 units hydrogen. 

Assume the carbon to be burnt by air at 800 deg. C., that the 
products of combustion leave the furnace at 300 deg. C., and that 
one-tenth of the gross heat developed is lost by radiation, &c., 
in a normal furnace. Heat developed :— tacit 


Cwt. 
Cwts. Cwt. Units. Per Unit 


rbon. 

17-75 C burnt to CO x 2430 units oe 43,182 2,430 

76-976 N x 800° C. x 0-2586 SH = 
15, units 

23-024 O x 800° C. x 0-225 SH = 


4,144 units 
0-72 HeO x 800° C. x 0-568 SH = 327 
units 


= Heat in blast a 20,359 1,147 


Total oe ee 63,491 3,577 
Reduced in useful effect as follows :— 
Cwt. Units 
Cwt. Units. per Unit 
Carbon. 
Radiation and other similar losses 10 per 


cent. of gross .. oe ee -» 6,349 357 
————— of water in blast 0-08 x 





, ee =k oe 2,322 131 
Heat escaping in at 300° CO. -. 8,756 494 
76-976 % 300° 0. x0-247 5604 
41-42 CO x 300° ©. x 0-247 =3069 
0-08 Hx300° C.x3-46 = 83 
Balance available inside the furnace 46,064 2595 
63,491 3577 





Tasre II. 
If afterwards converted to CO, add 1 x 6670 =5670 units. 
} Owt. 
Heat | 
Units. | 
| Deduct :— 
| Radiation as before, 10 per cent. .. » > mn co OF 
1-33 units extra at 300° C. carry out, say .. oe 98 
| Extra heat available in furnace se oe be -. 5005 
| Available if further burnt to CO», 5005 cwt. heat units, 
Taste III. 
! 
| Pure carbon burnt by reduction of metalloids instead of air. 
| . 
Heat 
Units, 
1 unit of carbon x 2430 + oe o6 o° +. 2430) 
Deduct :— 
ene ous. 8 eee, és oe ee -— 
-33 esca) gas carry out at -» Say ee oo 
Extra heat a ble in furnace Reh oe 2015 | 


Available from carbon burnt by metalloids, 2015 cwt. heat units, 


Taste IV. 
Per ton of coke :— 

sw A. oe B 

per 15 per 

Cent. Cent. 

Ash, &. Ash, &. 
Cwts. Owts. 
Moisture and volatile - 1-00 1-00 
Carbon ze - PT a6 -. 17-00 16-00 
Ashand sulphur... so és -. 2-00 3-00 
Limestone required for ash and sulphur .. 1-50 2-25 
Ash, sulphur and limestone 3-50 5-26 
Lesa limestone CO2 Ss 0-62 0-93 
Slag “4 én ee $e 2-28 4-32 
Gross carbon as above e es 17-00 16-00 
Less destroyed by limestone CO2 .. 0-16 0-24 


Available carbon ° 16-84 15-76 
Heat effects are taken up as follows :— 

Owt. Cwt. 

Heat Heat 

For dri ff water and heating ? ~— 

‘or ving © wa’ 

to 300° C., say os -» 750 750 
Driving off limestone CO2 lime- 

stone x 430 es as es 860 

Decomposing this 0:16 x3240 .. 518 0-24x8240 777 

Fusion of slag 2 4-82x550 2376 


*88 x 550 -. 15684 
Heating CO to 200° x0-78x0-247 58 300x1-17 87 


x0-247 


4850 


> ee oe (Ht 308 
And available carbon is 84-2 per cent, and 78-8 per cent. of pure 








Available for furnace work per cwt. of pure carbon 2595 cwt. | 
units heat. 


| 
| 


} 
| 


Decomposition of moisture in 
| blast 


n ae 
| Carbon destro by CO of 
limeston 
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Tasra V. 
Different qualities of Cleveland calcined mine as compared 
with one requiring 48 cwts. per ton pig. 96 per Prgict 
Cent. Cent. 
Tron. Iron, 
Mine ton pig 61-08 03 
Bextra mine of gangie a 8-03 08 
Requires extra x a 3-26 6-49 
Total gangue and limestone 6-29 62 
Leas limestone CO2 .. es 1-37 8 
Extra slag 40 “a - «+ 4°92 9-79 
Carbone taken away by limestone CO, .. 0-37 0-74 
Heat requirements :— 
Owt. Owt. 
oa @ 00; 3-28 Units. Units. 
ving off limestone "26 x 
430 Ay me as -. 1,402 2,791 
Decomposing this 0-37 x 3,240 .. 1,199 2,308 
Fusion of slag 49-2 x 550 .. 2,706 9-709 x 550 6,884 
Raising CO to 300° C.1-74 x 74 .. 1290 34:7 x 74 257 
— for carbon as Coke A, 
211 x 0-87 per cent. as 78 211 x 0-74 156 
—— per cent, 
If Coke Ais used .. .. 5,614 10,986 
Add required for carbon as Coke B, 
97 + 0-37 per cent. oe o. 36 497 x 0-74 72 
—— percent —— 
If Coke Bis used .. -» 5,550 11,068 


ag carbon in Coke A, Table IV, 84-2 per cent. Available 


‘Table I—Table IV. 
2,505 — 211 x 84-2 per cent. — 2,007 per cwt. 


ble 1. 
Available carbon in Coke B, Table IV, 78-8 per cent. Avail- 
able heat as on oe ve ~* a6 .. 2,606 
Table IV. 
308 x 78-8 = 1,802 per cwt. 


Tasie VI. 
Constructed to show 86 cent. calcined Cleveland mines 
melted by coke, 10 per cent. ash, and sulphur. 
Limestone for ore gangue 12-26 cwts. for coke ash 1-85 cwts, 
Coke 24-70 ~wts. = carbon 21 cwts. 
Hot Blast. Tron. Slag. Coke. 
Carbon enters pig iro: _— PS _ _ 


.. a a = -- 1:40 0-21 
— burnt to CO by oxygen 





of ore os + = 1-20 _ — 
Lea 17-49 cwts., carbon 
burnt by air. 
Combustion develops : Heat Heat Heat Heat 
Units. Units. Units. Units, 
5-8 cwts. C to CO: from OO x 
. ee af’ +. — 82,886 — — 
*2 ewt. y oxygen 
of ore o's re _ 2,916 _ as 
17-49 cwts. Oto CO by air... 20,061 — -- 42,501 
Gross heat ad .. 20,061 35,802 nil 42,501 
Deduct loss in gases at 800° 
C. and 10 per cent. radia- 
tion, &. .. ve -. 2,006 4,354 486 12,061 





Nett heat left in the furnace.. 18,055 31,448 minus 486 29,540 
Heat required :— 








* te “a -_— os 2,201 
| Driving off limestone © = _ 5,272 796 
| Decomposing mentee Op. _— _ 4,536 681 
Melting slag .. 4 -- -- 16,153 1,956 
| Redu of metalloids —_ 6,697 — oe 
Reduction of iron .. — 82,002 — — 
iia aay Pa 
° m , &e., 
and boating to 300 dog.” -- -—— o 919 
Heat consumed -» mil 45,789 25,961 6,642 
| Net heat available as above.. 18,055 81,448 minus 486 29,540 
Net lus - 18,055 — — 22,808 
Net de ee ae. 14,341 26,447 — 
= overall net surplus being 165 unite, 
us :— 
Coke. Limestone. 
Blast heat shows a nil nil 18,055 unite net 





jus. 
Coke combustion shows 20-83 cwt. 1-85 cwt, 22, unite net 
Pig -iron manufacture 2-23 cwt. nil 14.841 unite net 
Slag from ore shows .. 1°64 cwt. 12-26 owt. 26,447 S net 
deficiency. 





“Tue N.P.L. Revrew.’’—There must be a very 
considerable number of ns who have been at some 
= af Phosicel Lele ess closely connected with the 

atio: ratory at Teddington, and, havi 
severed their connection, are still desirous of m4 
touch with the inner wor of that Institution. A 
convenient means of doing this is now available in the 
form of " the above title, which it is 
proposed to issue six times perannum. The first number, 
which made its a in November last, contained 
biographical of Sir Richard Glazebrook and 
the new director, Professor J. E. Petavel, as well as 
articles on topies of genera] interest, official notices, 
sports fixtures mental notes. The latter are 
of particular interest to outsiders as they indicate the 
general lines in which the various departments are 
working and also call attention to any noteworthy 
developments in each case. Similar matter appears 
in the two subsequent issues in which the standard 
reached in the first number is well maintained. The 
ea’ ak en 
per annum, and communications concerning it should be 
addressed to Mr. H. B. Irving, National Physical 
Laboratory, Teddington, Middlesex, 
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“ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
tpn pt where none is mentioned the Specification is not 


Where inventions are communicated from abroad, the Name, &c., 
come { Specticat « mast be obtained af the Patent Office, Sal: 
0. ‘ions ma: b es 
6 5, Southam: A Buildings, Chancery-lane, W.C., at 
the uniform of 


The date of of a Complee 


abstract, unless the 

‘atent has been serled, appended. 

Any person may, at any time within two months from the date o. 

‘the dverti t . pt ’ of a amg) spn ay one 

of opposition to grant of a 
mentioned in the Acts. 





adv of the 
give notice at the Patent 
Patent on any of the grow 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


137,460. F.H. De Veulle, Birmingham. Carburettors. 
(6 Figs.) May 10, 1919.—The invention relates to carburettors. 
According to the invention, in the wall of the shaped passage is a 
chamber containing a fuel sprayer, which sprayer receives its 
supply through a restri orifice. This sprayer chamber 
communicates with the interior of the = through an aperture 
and with the inlet and outlet ends of the passage through ducts 
in the wall of the 
the outlet duct. e fuel is fed through a restricting nipple Az 
to a well A, into which screws a jet nozzle B. Above this jet 
nozzle is a small mixing chamber C, in which is generated a rich 
mixture. This mixing chamber communicates with the interior 
of the shaped passage D through an orifice immediately over 


the jet nozzle, through which the fuel passes. Below the fuel 
level, and on the air inlet side of the carburettor, a duct C3 leads 
from the mixing chamber to a slot D2, whereby it communicates 
with the air intake E through the hole F2 in the sliding throttle F, 
when the latter is in its lowest positions. There is also a similar 
duct C4 below the top of the jet nozzle on the outlet side of the 
carburettor which communicates with the induction pipe under 
the control of a slot F5 in the throttle sleeve. When the throttle 
sleeve is nearly shut, air is drawn along the first duct D2 and C3, 
and is carburetted in the mixing chamber and the resultant 
mixture travels along the second duct C+. Some mixture may 
Le out through the outlet C:, as is shown by the arrows. 
( Sealed.) 


137,485. T.B.Tutton, Bath. Valve Mechanism. (3 Figs.) 
June 27, 1919.—The invention relates to ro valves for internal- 
combustion engines comprising an internal cylindrical chamber for 
receiving the exhaust from the cylinders and an induction chamber 
concentric with said exhaust mber, the two chambers being 
——_ for revolution together as one body. A valve made in 
ance with the invention is adapted for use with monoblock 
cylinder castings for vertical cylinders, the valve extending 
laterally beyond the cylinders at both ends with exhaust ports 
from central chamber at each end, the inlet ports com- 
municating with an pone chamber in the cylinder head. The 
valve com . one casting, a cylindrical exhaust 
‘amber 1 and an induction chamber 2, which is concentric with 

















, a notch in the throttle controlling | to be 


outer casing of the chuck, which jaws are caused to grip the tap 

uw? the coned casing, an element assembled 
intermed! the end of the driving spindle and the interior of the 
jaws, to SS drive between said driving spindle and 
the tap. Theo e casing is provided with a coned nose within 
the interior of which are jaws b, which are retained apart by coiled 
expansion springs c. e rear end of the casing is internally 


screw-threaded to receive a cap d, which has a central tapped 
hole for screwing on to the screw thread of the spindle e of the 
machine. A disc is provided at its centre with a square hole, 
which is adapted to receive the square end of the tap g, while the 
end of the spindle ¢e is adapted to bear against the disc, so that as 
the outer casing of the chuck is screwed further on to the cap d, 
the jaws are forced further into the cone, and thereby grip the 
body of the tap 9 while the square end of the tap is positively 
connected to the disc. (S * 


‘137,408. H. Smith, Sheffield. Lathe - (4 Figs.) 
February 19, 1919.—The invention relates to dogs of the 
kind employed to assist in transmitting power from the lathe 
to the work. The dog is made in two main parts 1 and 2 which 
are clamped together by set screws 16, the division of the dog 
being across the axis of the aperture 3 which receives the work 
tated in the hi The hole 4 for the set screw 5 to 
clamp the work in the aperture 3 is made sufficiently large for 
the set screw 5 to pass freely through it. The hole 4 is formed 

















partially in both of the two main parts of the dog and at a con- 
venient part of its length is enlarged into a recess 6. A renewable 
— nut 7 for the clamping set screw 5 is provided and is 
enclosed in the hole 4 and recess 6 between the two members. 
The nut 7 is held against yo pe movement by means of 
a collar 8 formed thereon and engaging the recess 6. Rotation 
of the nut in relation to the dog is prevented by forming the 
collar 8 with flats 9, engaging corresponding flat parts of the 
recess 6. A renewable gripping piece 10 is provided. (Sealed.) 


137,446. W. Bailey, Birmingham. Power Press 
Guards. (8 Figs.) April 14, 1919.—The invention relates to 
safety guards for power presses, said rds being of that type 
comprising a swinging lever operated from a moving part of the 
machine. The guard comprises a vertical lever 1 ga 

late 17 at its lower end and pivoted near its upper end at 2 

a part of the fixed frame, so as to be adapted to swing in a 
lateral direction across the workspace of the press. Above the 
pivot 2 the lever is extended into a short arm 3, which is engaged 
upon one side by the forward turned-down end 4 of a horizontal 


Fig.1. 
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used to engage 
sprocket wheels by the movement of a 
formed 


its normal position. The guard 1 is returned against a 
by means of two one connected between the 
and one arm of a ital lever 14, and the other 
the second arm of said lever 14 and a suitable fixed part. (Sealed.) 


MINING, METALLURGY AND METAL WORKING, 


137,399. W. H. Wood, , and D. H. Wood, 
Birmingham. Cupolas. (3 rs August 2, 1919.—The 
jas or 


invention pertains to cu iting or 
and it has for its ob mt in the supply and the 
cag air eli arrange aroun 
xes 2 being arranged there. 
The air-belt is formed from rensed 


. A separate air belt is pro- 
yeres. The tuyere boxes 2 are fitted 
justable shutter 5 for regulating the supply of blast. 


stop 11 
1 








The shutter is pivoted centrally to lug 6 of the tuyere box, and is 
—_ by a spindle 7 which passes through the outer wall of 
belt. A handle is fitted on the end of this spindle and can be 
moved and retained in any desired position @ quadrant 9, 
thereby enabling the shutter to be readily controlled from the 
outside. The sides 10 of the tuyer’ box incline outwardly towards 
the inside of the cupola at a suitable angle. A pivoted sight 
device the mica disc is fitted on the belt opposite each 
tuyere box, such device being mounted on a fitment 12 which also 
carries the quadrant. When the sight device is opened on the 
ivot an aperture is uncovered in the air belt, thus giving access 
the tuyere box. (Sealed.) 


MOTOR ROAD VEHICLES. 


137,349. F. J. Sabel, London. Change-Speed Gearing. 
(1 Fig.) May 28, 1919.—The invention relates to change-speed 
— for machinery, motor vehicles and the like of the type 
n which a pair of expanding cone pulleys are provided mounted 
upon parallel shafts with means in connection therewith whereby 
the pulleys are operated simultaneously in such a manner that 
when one opens the other closes, in combination with gear 
whereby a reversal of motion may be obtained when desired, 
According to the invention, there is combined with the gear 
of the type specified, a reversing gear. 10 is the engine shaft, 
the motion from which is transmitted to the shaft 11 through the 


rz 
wat 


20 


ket wheels 12, 12, and chain 14. A further 
sen the shaft 10, transmits motion 
medium of chain 17 and + 


20. The sprocket wheels 12 and 15 
shaft 10, but are brought alternately 
by means of clutch mem' ave 
mem 
ng slcove 23, which is 
( -) 


integral with the clutch members. 





CarriaGE or Dancrrovs Goops AND EXPLosIves IN 


Surs.—The Board of Trade has recently issued & 
reprint of the 1915 booklet, cope — the —— 
in ships of us goods and e ves. 
eds ee to the carriage of inflammable 
liquids, calcium carbide, ferro silicon, and sulphur 
dioxide. Additions have also been made to the notes on 
other dangerous substances. The booklet is pub! 

at the price of 1s. net at H.M. Stationery Offices. 


& 


. C. Hall, Walsall. Chucks. (2 Figs.) Decem- 
ber 18, 1918.—The invention has relation to chucks for epping 
and dr machines of the t: comprising a series ws 
for gripping the tap contained w: a cone shaped nose to an 














